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- UDC 551.509.324
SHORT-RANGE PRECIPITATION FORECASTING

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 81 (manuscript received
15 Dec 80) pp 5-17

[Article by A. I. Snitkovskiy, candidate of geographical sciences, USSR Hydro-
meteorological Scientific Research Center]

[Text] Abstract: A method is proposed for predict-
ing the fact and quantity of steady precip-
itation for 24 and 36 hours by application
of the MOS concept. The possibilities for
predicting summer precipitation are consid-
ered.

- The theoretical principles for pradicting steady precipitation, developed by A. F.
Dyubyuk, have been set forth in the MANUAL [6]. The computation formula for the
quantity of steady precipitation has the form

¢ p :
1 ¢ dg
: Q:-é-Mpodt, eh)
D]
where Q is the quantity of moisture concentrated in a column of the atmosphere be-
. tween the levels Pj and P during the time A t: q is specific humidity at maximum
- saturation; t is time; g is the acceleration of free falling.

It follows from formula (1) that the quantity of precipitation is determined by
the product of the baric thickness of air and the individual change of specific
humidity in it. The individual change in specific humidity is associated first

of all with the sign and intensity of vertical air movements. Since in a column
of air with a section 1 cem? with a thickness of 100 mb the condensation of 1 g of
moisture in 1 kg of air is equivalent to the falling of precipitation in a quan-
tity of 1 mm, the working formula for predicting the quantity of steady precipi-
tation during some time interval will be as follows:

Q' =15 Agsso+1.8 Agroo-+AGs0e, (2)

where [&qgso, qu700 and ZSqSOO are the individual changes of specific humidity
in the case of ascent from the levels 850, 700 and 500 mb.

Accordingly, knowing the actual distribution of specific humidity with altitude
and in this same time interval the vertical movements, it is possible to use (2)
to compute the quantity of steady precipitation and compare it with the actual
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quantity, thereby in a diagnostic pian evaluating the reliability of the working

- formula. However, when we proceed to a forecast, 4t is necessary to have inform-
ation on the prognostic values of specific humidity and vertical air movements. The
prediction of tropospheric humidity 1is accomplished in the usual way: on the basis
of a model of air particle trajectories and the advective humidity values, with
transformation taken into account. However, due to imperfection of objective anal-
ysis of the humidity field and errors in computations of air particle trajectories,
the prediction of humidity also contains errors. Nevertheless, the fundamental
error in the prediction of steady precipitation arises due to a failure to know the
real distribution of ordered vertical air movements, which are computed from the
equations of thermohydrodynamics, and naturally, the impossibility of comparing
them with the prognostic vertical movements. However, it is not for these reasons
alone that synoptic forecasts of precipitation are better than the forecasts pre-—
pared by numerical and computation methods. It is most important that weathermen
in forecasts use information on weather phenomena and elements for the region
from which the transport of air masses occurs, whereas in numerical and computation
methods information on weather phenomena and elements are not used at all. Such
phenomena as steady rain, showers, thunderstorms, squalls and a number of others
are computed in numerical models on the basis of physico-theoretical concepts or
empirical dependences.

With these circumstances taken into a~count, 1in this article, in addition to known
atmospheric parameters, determining the formation of steady precipitation, as the
predictors, the same as in done by weathermen in the case of a real forecast, ex-
tensive use is made of information on advective precipitation quantities.

In this article, which is a natural continuation of [8], we propose a method for
predicting the fact and quantity of steady precipitation in the cold half-year for
24 and 36 hours on the basis of a synoptic-statistical approach; the possibilities
of predicting summer precipitation are also examined. The forecasting method is
developed in the example of Moscow. In contrast to [8], where use was made of two
forecasting concepts —- PP (perfect prognosis) and MOS (model output statistics)
—— here we examine only the MOS concept as indicating, in accordance with [8, 9,
10, 13, 14], the best results in operational forecasting.

Initial Data and Processing Method

Data on steady precipitation were taken for the period from October through March
1974-1978. The predictant was the quantity of precipitation, averaged for all
meteorological stations of Moscow and Moscow Oblast during the period of day from
2100 to 0900 hours (for a 24-hour period) and from 0900 to 2100 hours (for a 36-
hour forecast).

The predictors were selected on the basis of general concepts concerning the phys-
ics of formation of steady precipitation and taking into account the latest re-
sults of investigations in this field [5, 6, 8, 10-14]. The list of potential
predictors, selected for the prediction of precipitation, is given below.

kk*

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400070034-3



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400070034-3

FOR OFFICIAL USE ONLY

LIST OF POTENTIAL PREDICTORS FOR PREDICTION OF FACT AND QUANTITY OF STEADY PRECIP-
ITATION IN MOSCOW AND MOSCOW OBLAST FOR 24 AND 36 HOURS

Py is the pressure at sea level, mb;

Hy500 is the geopotential at the 1000-mb level, dam;

Hgsg» Hygo» Hggg is the geopotential at the levels 850, 700 and 500 mb, dam;

D700 Dsgp is wind direction at the levels 700 and 500 mb, degrees;

££700, Ef5gp is wind velocity at the levels 700 and 500 mb, m/sec;

Wg50> W700s Ws00 are the vertical air movements at the levels 850, 700 and 500 mb,
mb/12 hours;

K is the instability index, K = (HjggotHsqq)-2H850, dam; W

L(T-T)
550

is the total dew point spread at the levels 850 and 700 mb, °C; w0
Lq
350
is the total specific humidity at the levels 850 and 700 mb, g/kg;

850

FYIRI (ground) ‘
is the total relative humidity at the ground level and at the surface 850 mb, %3
T, Tq4» T - Tq are temperature, dew point and dew poirnt spread at the earth's sur-
face, °C;
nggo is the precipitated water in the layer between the ground and the level 500
mb, mm; Pw590= 5 qgy + 4500/2, where q . and gsgg is specifi. humidity in g/kg at
the surfacé and at the level 500 mb;
Qin and Quq4, are the fact and quantity of initial and advective precipitation.
Coding for the fact of precipitation: presence 3, absence 1. Quantity of precip-
itation, mm;

Qayn, Q;Yn are the fact and quantity of precipitation in synoptic predictions of
: 0

precipitation. Coding the same;
Qs Qqq is the actual precipitation (predictants). Coding the same.

The archives of predictors for predicting precipitation for 24 and 36 hours in ac-
cordance with the MOS concept were obtained on the basis of pregnostic charts of
pressure, geopotential and ordered vertical air movements, at whose initial points
data were read on temperature, humidity and other atmospheric parameters using a
model of air particle trajectories. The fact and quantity of advective precipita-
tion in the corresponding time intervals were determined from the prognostic
trajectory at the 700-mb level. If precipitation was noted at the ground along the
corresponding segment of the trajectory path at the 700-mb level, it was assumed
that the fact of precipitation is established and the mean quantity of precipi-
tation was determined along this very same trajectory on the basis of data for
stations falling in its zone. For the fact and quantity of initial precipitation
we took its mean value during the past night for all stations of Moscow or Mos-
cow Oblast in dependence on the territory for which the investigation was made.

The statistical processing of data included the forming of paired correlation
matrices, the "sifting" of predictors for the purpose of finding among them those
which are most closely related to the predictant, and at the same time,
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independent of one another, the writing of multiple regression equations and
their evaluation. The evaluations of real forecasts were made using the correl-
ation coefficient (r), reliability test (H) and accuracy test (Q) [3]1; the

total guaranteed probability, guaranteed probability of the presence and absence
of precipitation were determined.

The same as in [9], the "sifting" of predictors was carried out using the algo-
rithm in [2], in accordance with which in the first interval there is selection
of the paired correlation coefficient of maximum value between the predictant
and predictor and then the correlation coefficients between the selected predic-
toer and the others are found. Then, by means of a definite procedure, the ortho-
gonalization of the values of the predictors is carried out. Among the orthogon-
alized predictors the predictor most closely related to the predictant is again

- selected, etc. Thus, such a number of predictors is selected that the difference

! in the accumulated dispersions of the predictant in two adjacent intervals would
not be less than 0.03. .

After ranking of the predictors a regression was formed using the algorithm in
[1], in which the number of predictors ensuring the best quality of writing of
the regression equation is determined. An evaluation of the regression is made
on the basis of the mean risk (I(k))- Such a number of predictors k 1s selected
as to guarantee a minimum value of the mean risk in the examination. A compar-
ison of the Iy values for different groups of predictors was the basis for
selecting the working regression equations for the purpose of forecasting pre-
cipitation.

The prediction of steady precipitation by statistical methods is an extremely
complex problem because the distribution of precipitation does not coniorm to

a normal law. An attempt to normalize precipitation by means of V/x and 1g x did
not lead to positive results. An attempt at simultaneous prediction of the fact
and quantity of steady precipitation by means of regression equations also was
without success.

Bearing these circumstances in mind, it was decided to predict precipitation in
two successive steps: first prediction of the fact of precipitation and in the
case of its presence -- prediction of the quantity of steady precipitation.

An analysis indicated that the "pure" absence of precipitation in Moscow is ob-
served in only 20-30% of the cases. Accordingly, it was decided to regard as a
fact of absence also such cases when its mean quantity is 0.0 mm (we note that in
climatology a quantity of 0.1 mm or more is regarded as a day with precipita-
tion). With such an approach the newly formed class of absence of precipitation
has a probability on the average of 63-45%Z, whereas the class of presence of pre-
cipitation (quantity of precipitation > 0.1 mm) is 37-54% respectively, that is,
the classes of presence and absence of precipitation have approximately identical
probabilities.

As a result, two approximately equiprobable classes were formed:

-- presence of precipitation -- cases when the averaged quantity of precipita-
tion for all the stations of Moscow or Moscow Oblast was 0.1 mm and more;

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP32-00850R000400070034-3



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400070034-3
FOR OFFICIAL USE ONLY

—-- absence of precipitation -~ cases when precipitation in Moscow and Moscow
Oblast was absent or its mean quantity was 0.0 mm.

It is possible to separate these two classes by means of a regression evaluation
of the probabilities of events, which, as was demonstrated in [7], is advantageous
in comparison with linear discriminant analysis. In this case the predictants and
predictors should have a binary character. Hence tne following coding was adopted
for the actual, initial and adequate precipitation: precipitation -- 3, absence

of precipitation -- 1; for the ascending vertical movements -- 3, for ascending
vertical movements -- 1. The remaining predictors could not be represented in bi-
nary form.

When the predicted value of the predictant in the regression equation, written
in accordance with a regression evaluation of the probabilities of events, ex-
ceeds a definite threshold (in our case -- two), the fact of precipitation is
predicted, and then using another regression equation the quantity of steady
precipitation is computed.

With this approach to the prediction of precipitation it was necessary to prepare
the eight data archives: four archives for predicting the fact of precipitation
for 24 and 36 hours, four for the prediction of the quantity of precipitation

for 24 and 36 hours in Moscow and Moscow Oblast.

Analysis of Results

For each of the indicated eight archives initially in all the potential predictors
we obtained correlation matrices. Analysis of these matrices indicated that an en-
tire series of predictore, including the surface pressure value, geopotential at
the levels 850, 700 and 500 mb, temperature and dew point at the earth, have vir-
tually no significant correlation with precipitation. As a result of many numerical
experiments it was possible to select predictors which relatively better than the
others were reiated to the fact and quantity of precipitation. We have

0

ro’ Qyn and Qaqy- The correlations of precipita-

£f5000 W700 Ko 7%) (T - Td), ng
tion with these pgggictors for 24 and 36 hours are given in Table 1. Depending cn
the archives and the advance time of the forecast, the degree of closeness of the
correlation changes and among the data in this table there are very small correl-
ation coefficients. Naturally, the correlation coefficients for 24 hours are high-
er than for 36 hours; for an advance time of 36 hours the correlation coefficients
are low, especially for predicting the quantity of precipitation. Two conclusions
can therefore be drawn: first —— there are difficulties in predicting the fact

and quantity of precipitation in general; second —- there 1s a low quality (in

the sense of prediction of precipitation) of the prognostic fields of vertical
movements and predicted trajectories of air particles obtained from numerical
models, at the initial points of which the initlal data were taken. It must be
mentioned that the correlation coefficients between the fact of precipitation

and the diagnostic values Wygg do not exceed -0.47, although it appeared that the
vertical movements in the middle troposphere virtually unambiguously determine

the falling of precipitation. It is evident that here only the vertical movemeuts
of air are involved.

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400070034-3



FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400070034-3

Correlation Coefficients Between Precipitation and Predictors

K I3
g £ 3
=1 & =
Territory Se o z = K& = 5
R HEREERE
Fact of precipitation
Moscow 24 ‘ 0,12} —0.32 —0.25 —0,27 0.01 0.43 0,51
36 ’ 0.14! —0.21 —0,04 —0,17 0,02 0,40 0,44
Moscow Oblast | o4 16| —042 | —017 | —030 | 0.3 048 | 0,44
36 .0,16 —032 | —005 | —017 | 0,09 045 10,40
Quantity of precipitation
Moscow | 24 10,08 —0.21 -0,17 —0,12 0.1t 0,15 0,43
35 10,0l | —0,07 —0.03 -0,13 0,14 0,11 0,42
Moscow Oblast 24 10,12 —0.28 —0,19 { —0,18 0,14 0,18 0,44
35 0,04} —0.09 -—0,08 —0,15 0,17 0,12 0,39

Table 2

Actual (Qact) and Advective Precipitation (Qaav)
in Synoptic Forecasts (QSYR) (219 Cases)

Correlation Coefficients Between
and Quantity of Precipitation

& g 2
N o Q NS
s 5 z F lee calew g o S
S| 8] 5 RS |Bgaf |98 | 3|3
= | & IF & & < o |
[ 1 | 2 3 4 5 6 7 | 8 9 | 0
: -
J 0.82 1
iy 0,47 1 0,40 !
1 U4l v 44 0,47 1
R CE L 020 0,10 1
vy 0,43 | 0.4 0204 0.16 | 0.9 1
U T U 040 | 0391 057 | 0,506 1
N 0,43 | 0.43 0.40 0.38 § 0,56 0,56 | 0,9 )|
o029 | 026 ] -0,00 | 0,05 0,57 | 0,36 | 0,26 | 0.23 ]
it .22 | 0,19 0,12 0,45 0,13 0,12 0.25 0,25 0,03 1

We note that relatively high correlation coefficients (more than 0.4) are observ-
ed only between precipitation in Moscow and precipitation in the region from
which it moves toward Moscow. This circumstance reflects the well-known fact of

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP382-00850R000400070034-3



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400070034-3

FOR OFFICIAL USE ONLY

an exceptional significance of advective values of the characteristics of state
of the atmosphere in synoptic forecasts.

As a result of "sifting” of all the predictors, for predicting the fact of precip-
itation we selected W4, Qins Qadv, and for predicting the quantity of precipita-
7 tion 700

w700, Ka z (T - Td)a ngai_or Qin and Qadv'
850

We note that the predictors for prediction of the fact of precipitation for 24
hours explain not more than 26-29% of the dispersion of the predictant (R2); for
Moscow Oblast, naturally, the explicable part of the dispersion of the predictant
is greater than for Moscow. R2 of the synoptic forecast of the fact of precipita-
tion is 2-3% less. For 36 hours the R2 values decreased and for the selected pre-
dictors are 22-25%; for a synoptic forecast they are 5-7% less. A similar rela-
tionship was maintained in the I(k evaluations of the regression equations
written in accordance with the selected predictors and on the basis of a synop-
tic forecast. For example, I K for the regression equation with the predictors
for 24 and 36 hours were 0.9£ ;nd 0.88, but with allowance for a synoptic fore-
cast -- 0.97 and 1.00.

As a result of the analysis of the I K) evaluations for predicting the fact of
- precipitation in Moscow and Moscow Oblast we selected the following regression
equations:

for 24 hours

Q = ~0-005 Wpgq + 0.112 Qg + 0.076 Qpqy + 1.58,
QMg = -0.008 Wyqo + 0.178 Qg + 0.120 Quqy + 1.37; 3

for 36 hours

QM = -0.003 W700 + 0.060 Qin *+ 0.34 Qadv +1.81,
QMO = -0.004 Wy00 * 0.085 Qq4, t 0.47 Qaqyv + 1.86. %)

When the algebraic summation of the zight-hand side of equations (3) and (4)>
2.0, precipitation is expected; i{f it is less than 2.0, precipitation is not ex-
pected.

A prediction of the quantity of steady precipitation is a considerably more com-
plex problem than a forecast of the fact of precipitation. This is indicated,
in particular, by the small correlation coefficients cited in Table 1.

Before proceeding to an evaluation and analysis of the regression equations for
predicting the quantity of steady precipitation we will examine the status of syn-
optic forecasting of the quantity of steady precipitation. These data are present-
ed in Table 2. As the quantity of precipitation in synoptic forecasts we used the
median quantity of precipitation in the anticipated gradation in accordance with
the current Instructions on Evaluation of Forecasts [4].
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An analysis of the data in Table 2 makes it possible to draw the following con-
clusions:

-~ the correlation coefficients between the actual quantity of precipitation and
the anticipated quantity are 0.43-0.45, which corresponds to the level of forecast-
ing of precipitation in the United States [13];

-- approximately 80-85% of the information on the quantity of precipitation anti-
cipated in the synoptic forecasts is contained in advective precipitation;

—- the anticipated quantity of steady precipitation in synoptic forecasts for Mos-
cow and Moscow Oblast for 24 and 36 hours does not differ (r = 0.99).

For predicting the quantity of steady precipitation by means of regression equa-
tions the selected number of predictors was small

W700> K nggo, %g?(T - Tq)s> Qqn> Qaqy)» and by virtue of the small correlations
between them and ?ﬁg actual precipitation they explained not more than 18-227% of
the dispersion of the predictant. Regression equations were written on the basis
of 2/3 of the sample and were checked using 1/3 of the sample. It was found that
the correlation coefficients between the predicted precipitation for 24 hours and
the actual precipitation for Moscow were 0.30, and for Moscow Oblast 0.4; for 36
hours the corresponding values were 0.36 and 0.34. Such evaluations enabied us

to write equations on the basis of a full sample, evaluating them using the mean
risk I(k)- It was found that in comparison with the 2/3 sample in the full sample
the I(y) values decrease by 10-15% and for 24 hours for Moscow constitute 2.47
and for Moscow Oblast 1.80; for 36 hours the corresponding values are 2.18 and
2.16. Accordingly, taking into account the decrease 1n I(k) with an increase in
the sample, it is correct to assume that in the operational checkiug of the re-
gression equations the correlation coefficients between the predicted and actual
precipitation will at least be close to synoptic values.

The working regression equations for prediction of the quantity of steady precip-
itation for Moscow and Moscow Oblast for 24 and 36 hours in the case of the full
sample were as follows:

for 24 hours
- -0.033 500 .
Qy = ~0.033 Wpgq + 0-462K + 1.54 ngro FG.20 Qg + 0.23 Qugy -37.3,
Qup = -0-030 Wygp + 1.05 nggo +0.19 Q4 + 0.20 Qugy + 62.9; (5)
for 36 hours

700

Gy = -0-13 Wzgg = 0.53 3 (T = Tg) + 0.21 Qg + 0.62 Qugy + 23.1,
850

Qg = ~0-110 Wy =0.47 520 (T = Tg) + 0.13 Qgp + 0.58 Qagy + 20.7- (6)
850

In order to determine the quantity of precipitation in mm/12 hours the resulting
sums of the right-hand sides of equations (5) and (6) must be divided by 100.
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Operational Checking

In the course of October 1979 ~ March 1980 forecasts of the fact and quantity of
steady precipitation for Moscow and Moscow Oblast for 24 and 36 hours were pre-=
pared almost daily on workdays in an operational regime on the basis of the de~
rived regression equations. A total of 94 forecasts were prepared. It is impor-
tant to note that in determining

500 700
Wyg0: K> PWIO0, S (T = Ta)s Qagy

850

at the initial points we used the air particle trajectories at the isobaric sur-—
faces from a numerical operational model. In this case Qudv Was determined at the
earth's surface along the trajectory at the 700-mb level.

In order to compare precipitation forecasts on the basis of the regression equa-
tions and synoptic forecasts we also evaluated the latter. As the fact of precip-
jtation for the synoptic forecasts and on the basis of regression equations we
used a case when the averaged quantity of precipitation for Moscow or Moscow
Oblast was ) 0.1 mm. The quantity of precipitation in the synoptic forecasts was
determined as the median value of the anticipated gradation in accordance with
the Instructions (little snow -- 1 mm, locally 1imited snow (30% of the terri-
tory) -- for Moscow 0.3 mm, for the oblast 0.2 mm, etc.) .

Table 3

Results of Operational Checking of Forecasts of Fact and Quantity of Steady
Precipitation and Synoptic Forecasts (October 1979-March 1980)

Advance Evaluations Regression Synoptic
time, hours
Moscow ‘Moscow Moscow Moscow
Oblast Oblast
24 Total guaranteed probability, % 76.5 . 79.5 61.6 64.5
Guaranteed probability of
phenomenon 78.0 85.0 95.0 95.7
Guaranteed probability of ab-
sence of phenomenon, 7% 75.0 74 .0 28.0 33.3
H 0.53 0.65 0.26 0.34
Q 0.55 0.61 0.34 0.50
r 0.51 0.41 0.53 0.35
36 Total guaranteed probability, % 75.4 77.8 62.3 59.8
Guaranteed probability of
phenomenon, % 74.3 72.7 92.3 88.6
Guaranteed probability of ab-
sence of phenomenon, 7% 76.5 82.8 32.3 31.0
H 0.50 0.50 0.26 0.23
Q 0.56 0.49 0.31 0.38
r 0.38 0.29 0.33 0.29
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The results of routine checking of precipitation forecasts are given in Table
3, where all the lines of evaluations, other than r, relate to a forecast of
the fact of precipitation, whereas r is the correlation coefficient between the
quantities of predicted and actual precipitation. It can be seen that when pre-
cipitation is divided into two classes (precipitation with a quantity 0.0 mm and
situations without precipitation are assigned to the class of absence of pre-
cipitation) the quality of the forecasts of the fact of precipitation on the
basis of regression equations is better than the quality of synoptic forecasts.
The principal reason for this is that in synoptic forecasts it is relatively
rare to give a forecast of the absence of precipitation and therefore the guar-
anteed probability of the absence of the phenomenon is low in these forecasts.
However, the guaranteed probability of the presence of precipitation in synop-
tic forecasts is high because in them precipitation is expected considerably
more frequently than it actually occurs. '

A comparison of the correlation coefficients between the predicted and actual
quantities of precipitation indicates that in general the success of forecasts
using regression equations is somewhat better than in synoptic forecasts. How-
ever, as a rule considerable precipitation is not detected by synoptic fore-
casts and regression equations.

Our checking of the forecast of the fact and quantity of steady precipitation,
computed using a synoptic-hydrodynamic scheme [11, 12] for the period October-
December 1979 (61 cases) for Moscow, indicated that the total probable success
of the fact of precipitation (> 0.1 mm) is 57.4%, presence of precipitation
73%, absence of precipitation 41.7% with the test H = 0.13. In a forecast for
36 hours H = 0.04. The correlation coefficient between the quantity of predict-
ed and actual precipitation for 24 hours is 0.29. It can be seen that the cited
evaluations are considerably inferior to synoptic forecasts and forecasts based
on regression equations.

In the forecasting of the quantity of precipitation using regression equations
it is important to estimate advective precipitation, because on the average it
makes the principal contribution to the quantity of falling precipitation. In
this connection it appears that if in the determination of advective precipita-
tion use is not made of trajectories at the 700-mb level, but precipitation in
those parts of the pressure formations at the ground level which were expected

5 in the prediction time period [9], the results of the prediction of the quantity
of precipitation could be better.

Prediction of Summer Precipitation

The basis for the prediction of summer convective precipitation is information
on the positive energy of atmospheric instability. In order to determine the
rate of convective air movements use is made of the relationship between the
vertical velocity of a moving particle and instability energy. It is assumed
that all the instability energy goes into the kinetic energy of convective
movement :

=/ 2 T-T
Weon /wcono ts @ Pg) ( )
where W4, and Wy4,, are the velocities of convective vertical movement at the
upper and lower boundaries of the layer P and Py, R is air density; T is air

temperature; T' is temperature of a rising particle.

(N

mean’
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As can be seen from (7), in the stipulated layer of the atmosphere chon , P,
P - P, are virtyally constant values and W, . is determined for the most part

- by the difference T' -~ T. For this reason almost all methods for the diagnosis
and prediction of convective phenomena, including shower precipitation, are
based on the correlations between T' — T and the weather phenomenon.

However, such an approach to a forecast of showers is applicable on a practical
basis only in the case of thermal convection. In situations when there is de-
velopment of considerable ordered vertical movements in many cases the role of
convection may or may not be detected in ordinary thermodynamic computations.
For this reason in [11] two approaches to a forecast were simultaneously cor-
rectly used in the forecast: the first, based on thermodynamic computations, and
the second, based on allowance for ordered vertical air movements.

Taking these circumstances into account, we will examine the possibilities of
forecasting the quantity of summer precipitation for the current day using
statistical methods, employing the two mentioned approaches. For this purpose
we analyzed more than 200 cases of summer ( June-August) daytime (0900-2100 hours
Moscow time) rains in Moscow during 1976-1979 when the quantity of precipita-
tion as an average for all stations was 2 0.1 m.

Proceeding on the basis of the physics of formation of summer precipitation [5,
6, 11, 121, for the investigation we selected a number of potential predictors,
a list of which is given below. All the values of the predictors were taken
prognostically, for 12 hours in advance (forecast for the current day), that
is, in accordance with the MOS concept.

LIST OF POTENTIAL PREDICTORS FOR PREDICTING SUMMER PRECIPITATION IN MOSCOW
T

max® Iq are the maximum temperature and dew point at the earth, °C;
T7 00> Td700> T500° Tdsgg are temperature and dev point at the levels 700 and 500

mb H

Pw700 is the quantity of precipitated water iIn the layer ground-700 mb, mm;
(T 8L T)SO is the deviation of the curve of state from the stratification
curve at tlQne level 500 mb, °C; K is the instability index, dam; uyqg, V700 are
the wind velocity components at the 700-mb level, m/sec} ngo is the averaged
value of ordered vertical air movements, mb/12 hours; H_jqe is the altitude

of the -10°C, isotherm, km; Tgr - Tspp is the temperature gi(;?ference between the

ground and at the level 500 mb, °C; type of front.
Table 4
Mean Errors (/) and Standard Deviatioms (0) of Predictors and Correlation Co-

efficients (r) Between Quantity of Precipitation at Moscow and Predictors
(1976-1979, 200 Cases)

! [
| ! | a T 700 : T
Statistics | Tmax ! T l T biin ngr ! T i
i ' | : ;
A | 200 ' 10,6 —25 | —54 186 ! —180 | —230
a l 47 i 35 3.6 i 40 43 4,2 5,2
r o7 [ 027 0,22 + 013 0,23 0,19 0,21
11
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Table 4 (continued)

iT' - f);’nn ’\ ‘ U=n0 l vico ! —;gg /,—!O‘C T‘—Tsuo lT}'pe Of front
t | .
0.15 2794 4,0 3.1 —124 13 " 378 3.6
2,8 3.2 6.8 7.8 379 0.6 3.4 1.4
0,22 0,23 | —035 0.11 —0.21 0,24 . 0,03 0,02

Table 4 gives some statistical characteristics of the predictors and their correl-
ation coefficients with the quantity of daytime precipitation. We note the near-
zero mean value (T' - T)ggg, mean small ordered ascending air movements W and
also the absence of a close correlation between the selected predictors aﬁéothe
quantity of precipitation in HMoscow. Even with (T' - T)500 and the atmospheric
front type such a correlation is absent, which indicates a difficulty in pre-
dicting summer precipitaion in general and inadequate informativeness of the pre-
dictors used.

It can be postulated that the slight correlations between the quantity of pre-
cipitation and the predictors (Table 4) are attributable to the fact that the
sample included cases of precipitation caused by different atmospheric process-
es. In order to check whether this is so the entire sample was divided into two
approximately equal classes on the basis of the sign and intensity of ordered
vertical movements (w700). When W/00 <« -30 mb/12 hours the cases were assigned to
the class of cyclonicgéggions; in8gge remaining cases it was postulated that the
precipitation was caused for the most part by convection. An evaluation of the
informativeness of the predictors of these classes was made on the basis of the

‘Mahalanobis distance (A2): A2 - [m(A) S E

o
where m(A) and mSK) are the mathematical expectations of the considered predictor
of two classes; O is the averaged standard deviation of the predictor of both
classes.

The checking indicated that these classes were virtually inseparable by the select-
ed predictors, it goes without saying, except for iﬂOO’ which indicates the cor-
rectness of the analysis made using the full sample.

Is it possible to increase the reliability of forecasting of summer precipitation
(in the sense of an increase in the correlation coefficient between the quantities
of predicted and actual precipitation)? We made such an attempt. A forecast of

the quantity of summer precipitation was prepared only in a case when rain (brief,
showers, etc.) was called for in the synoptic forecast of precipitation, since

the guaranteed probability of synoptic forecasts of the fact of summer precipita-
tion (>0.1 mm) for the considered cases is 92%; the guaranteed probability of

the absence of precipitation is about 40% (rain is predicted more frequently and
the absence of precipitation is rarer than it occurs). We also note that the mean
quantity of precipitation for Moscow in the particular sample is 4.2 mm with o=
6.5 mm. Accordingly, the term "brief rain" contains about 207 of the precipitation.
Therefore, in many cases a prediction of summer precipitation on a practical basis
contains information about the fact of precipitation, not about its quantity.

12
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Initially in the entire sample we "sifted" eight predictors: u,.., K, (T' - T)500;
type of front, Td700> Tds5gg W700, pw700, which explained abouz 98-20% of the dis-

persion of the predictant. 850 8t

An evaluation of the regression equations written using the eight predictors re-
vealed that with a decrease in the number of predictors to three the I(k) values
virtually do not change, which indicates the difficulty of predicting summer pre-
cipitation and the inadequate informativeness of the selected predictors. An
equation using three predictors for forecasting the quantity of summer precipita-
tion is given below.

- Q = 0.05 Pw;(r’o - 0.03 Tggpq + 0.282K - 76.4. . (8)

Here Q is in mm/12 hours. The variables entering into equation (8) reflect atmo-
spheric instability and moisture content. In a teaching sample this equation en-
sured a correlation coefficient 0.4.

Under operational conditions the checking of equation (8) for predicting the quan-

tity of summer precipitation for the current day was made from 19 June through

4 August 1980. As a comparison we simultaneously made evaluations of synoptic
- forecasts on the basis of a numerical synoptic-hydrodynamic model [11, 12] and
carried out a comparison of the precipitation measured with the radar at the
Central Aerological Observatory with the precipitation actually falling at Mos-
cow stations. The correlation coefficients between the quantity of falling pre-
cipitation and the quantity of precipitation: according to regression equations
0.20, in synoptic forecasts (median value of the anticipated gradation accord-
ing to the Instructions [4]) 0.10; in synoptic-hydrodynamiz forecasts 0.05 and
with measurements with the Central Aerological Observatory radar 0.86.

As indicated by these data, the results of a forecast of the quantity of precip-
itation by means of regression equations are somewhat better than for other fore-
casting methods, but remain rather low. Precipitation > 15-20 mm is not detected
by all forecasting methods. It is entirely probable that the forecast of the
quantity of summer precipitation by means of regression equations could be better
if the forecast makes use of information on advective precipitation, which, as
demonstrated above, is of great importance in the prediction of steady precip-
itation.

Taking into account the poor results obtained in the prediction of summer precip-
{tation, it seemed desirable to examine the problem of what atmospheric factors
better explain the physics of precipitation formation in a diagnostic plan. For
this purpose we analyzed 65 days with and without precipitation at Moscow during

- the period 1 June-23 September 1980. In addition to the predictors which were
enumerated above, in the analysis we used: divergence of wind velocity at the
ground and at 300 mb (D), sec~l; (T' - T)pax, C; altitude of the condensation
level (Heond)s km; cloud thickness (AH), km; Wsgg, mb/12 hours; instability
index (I), 'C, taken from [4],

I=(Tess— Thoo) + Tdm"‘ (T00 - Tdm)-

Data on atmospheric parameters were taken from actual and diagnostic weather maps;
these were determined from a convection model by the particle method on the basis
of data for 1500 hours. Information on wind divergence at the ground level and at

13
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300 mb was computed using observational data ou the wind in a radius of 500 km
from Moscow. The number of stations with wind data was not less than 10-12

[61.

In the diagnosis, as in the forecast, the closeness of the correlation between
the quantity of precipitation and most of the considered atmospheric factors in
general is low: r = 40.1-0.2. For example, the correlation coefficient between
the quantity of precipitation and (T' - T)5gg is 0.09, with AH —-0.18, with .
H_jp°c —~ 0.12, with D3gg -~ 0.28. However, there are acmospheric parameters
which better than others are related to the quantity of precipitation. In par-
ticular, this includes wind velocity divergence at the ground Dg., correlation

- coefficient r = -0.61; Tg700- * =0.32; I, r =0.31; Hegpgr ¥ = -0,36; Wypq and
Wsgg, T = -0.43. These atmospheric parameters explain 37-44% of the dispersion
of precipitation. The regression equation written using these predictors has
the form

Q = =0.16 Dgy + 0.05 Tqygp + 0.0L I - 0.69 Hegpg —0-03 Wypq + 2.6 (9)

and in the teaching sample ensures a correlation coefficient 0.66 (here Q is in
mm/12 hours).

Therefore, from an analysis of the diagnostic factors it can be concluded that
precipitation is observed when there is wind convergence at the ground, there is
adequate moisture in the middle troposphere, there are ordered ascending air
movements and the condensation level lies below 1 km. If the wind divergence
value at the ground is less than -0.5:10-6 sec-1, it can be said with a probabil-
ity 83% that the situation is favorable for the falling of precipitation, where-
as with Dgy < -4.2-1076 gec-l with an almost 100% probability it is possible to
expect precipitation and its quantity will exceed 1 mm.

Equation (9) was not checked on the basis of operational data because there is
otill no solution of the problem where wind divergence at the earth should be
computed for the forecast: should it be the forecast region, or in the advection
region, or should their mean values be taken? Bearing in mind that evaluations of
the regression equation (8) give I(k) = 7.04 and for equation (9) give I k) = 4.6,
that is, differ considerably, it can be assumed that the results of the forecast
of the quantity of precipitation by means of equation (9) should be better than
on the basis of (8).

Thus, in the prediction of the quantity of summer precipitation it is important
to take into account the divergence of wind velocity at the ground, ordered ver-
tical movements in the troposphere, generalized characteristics of vertical atmo-
spheric instability and also the quantity of advective precipitation.
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UDC 551.509.313(4)

NONADIABATIC MODEL OF ATMOSPHERE IN PRIMITIVE EQUATIONS FOR PREDICTING
METEOROLOGICAL ELEMENTS OVER EUROPE

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 81 (manuscript received
28 Oct 80) pp 18-26

[Article by S. O. Krichak, USSR Hydrometeorological Scientific Research Center]

[Abstract] A six-level adiabatic model of the atmosphere (S. L. Belousov, et al.,
TRUDY GIDROMETTSENTRA SSSR, No 212, 1978) is being used at the present time in
preparing routine hemispheric forecasts at the USSR Hydrometeorological Scientific
Research Center. During 1977-1978 the author and his associates carried out work
for modifying the program of this model in FORTRAN language and implementing a
system of programs for ensuring one-sided interaction with a hemispheric model
in the course of regional forecasting. This gave a regional variant of the six-
level adiabatic prognostic model of the atmosphere whose use was approved in 1980.
Thereafter the principal nonadiabatic processes (influence of orography, surface
friction, heat flows from the underlying surface, radiation processes in the atmo-
sphere with allowance for the diurnal variation of the influx of solar radiation,
processes of macroscale and convective formation of precipitation, etc.) were in-
- cluded in the model. The article discusses the principal characteristics of this
model. It is emphasized that except for the region of the forecast, resolution,
boundary conditions employed, filtering procedures, allowance for nonadiabatic
factors and inclusion of the humidity field as one of the predicted variables
this variant of the model coincides with the hemispheric model. The success of
such forecasts is evaluated. An example of prediction of precipitation is given.
Figures 1, tables 2; references 9: 5 Russian, 4 Western.
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UDC 551.(515.2:515.3)

= INVESTIGATION OF PATTERNS OF MOVEMENT OF MACROSCALE VORTICES RELATIVE IO A
PURELY ZONAL FLOW

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 81 (manuscript received
28 Oct 80) pp 27-35

[Article by B. Ya. Shmerlin, Institute of Experimental Meteorology]

[Abstract] A model of the movement of macroscale vortices relative to a purely zon-
al steering flow is proposed. The movement of middle-latitude cyclones and anti-
cyclones is examined. The velocities of movement of vortices in a meridional direc-
tion were determined. The movement of tropical cyclones is also considered. It is
shown that there are three types of trajectories of tropical cyclones. The values
of the parameters of the vortices and steering flow for which each of the types
of trajectories is realized are determined. The conclusions drawn are compared
with observations of macroscale vortices in the middle latitudes and tropical hur-
ricanes. The analysis given here shows that all the parameters introduced into the
problem, describing flow and vorticity, are of considerable importance in predict-
ing the movement of a vortex. Near the values of the parameters at which there is
a change in the type of trajectory small changes in the parameters lead to consid-
erable changes in the type of vortex trajectory and this is very important to take
R into account in predicting the movement of tropical hurricanes. The results pre-
sented here are easily extended to any (not necessarily purely zonal) geostrophic
steering current. The results can be applied in the parameterization of the mer-
idional transfer of heat and moisture by macroscale vortices, in solving the prob-
lem of "self-consistent" formation of meridional and zonal circulation and in pre-
dicting the movement of tropical hurricanes. Figures 2; references 12: 9 Russian,
3 Western.
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UDC 551.510.534
INFORMATIVENESS OF GLOBAL SYSTEMS FOR OBSERVING TOTAL OZONE CONTENT

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 81 (manuscript received
2 Jul 80) pp 36-45

[Article by O. M. Pokrovskiy, candidate of physical and mathematical sciences, and
A. Ye. Kaygorodtsev, Main Geophysical Observatory]

[Text] Abstract: On the basis of a spectral scheme
for the objective analysis of the field of
total ozone content in the northern hemi-
sphere the authors made computations of the
characteristics of informativeness of the sur-
face ozonometric network (SON) and two remote
sensing systems based on methods making use
of backscattering of solar UV radiation and
characteristic atmospheric IR radiation. Com-
bined observation systems are examined. Recom-
mendations are presented on the preferable
choice of solar UV radiation or atmospheric
IR radiation for measurements in different
latitude zones for each of the two seasons.
The article gives an analysis of the informa-
tiveness for individual orbits. The optimum
regions for the collection of information by

- means of the solar ultraviolet and atmospheric

IR systems are defined with allowance for the
layout of the surface observation network.

The timeliness of the problem of monitoring atmospheric ozone distribution 1s deter-
mined by the fact that according to existing concepts [4] the ozone concentration
to a definite degree can be changed due to the influence of contaminants caused by
man's economic activity (nitrogen oxides, chlorofluoromethanes, etc.). The influ-
ence of anthropogenic factors is not limited to photochemical processes in the
stratosphere and lower mesosphere. It is of the greatest interest to study the in-
fluence of anthropogenic contaminants on the entire sequence of interrelated pro-
cesses of photochemistry, radiation heating and cooling, and also the transport of
air masses in the stratosphere and their resultant role in modern changes in cli-
mate. The inadequacy of actual data on physical mechanisms in the stratosphere, as
well as the impossibility of reproducing the mentioned chain of processes with ad-
equate accuracy and detail by means of numerical modeling make it necessary to
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create simplified models which must be refined on the basis of the results of ac-
tual observations of the fields of ozone and other gas components and the prin-
- cipal meteorological parameters (temperature, pressure, wind velocity).

Ubservational data must serve as additional information for adaptation of the de-
veloped numerical models and for clarification of the degree of their adequacy in
predicting the possible consequences of anthropogenic modification.

The planning of new observation systems makes 1t necessary to study two parameters:
the total content and vertical distribution of ozone within the limits of the middle
and upper stratosphere.

The influence of photochemistry on the formation of the vertical profile of ozone
is reflected in the atmospheric layer situated above the 35-km level. The ozone
concentration at altitudes 50-60 km changes insignificantly with latitude and sea-
son, since here the ozone is in photochemical equilibrium. Accordingly, informa-
tion on the variability of the ozone concentration in the layer 35-50 km gives some
idea concerning the distribution of the "inputs" and "outputs" and is necessary for
adjustment of the photochemical part of the stratospheric model. However, this at-
mospheric layer contains only about one-third of the ozonospheric mass. The remain-
ing two-thirds are situated below 35 km and to a considerable degree are subject to
the influence of dynamic factors. The spatial distribution of total content re-
flects the peculiarities of atmospheric circulation in the upper troposphere and
lower stratosphere. Accordingly, information on the field of total ozone content

is necessary for refining the dynamic block of three-dimensional stratospheric mod~
els.

Thus, the formulation of the problem of remote sensing of the ozone field involves
measurements of the vertical distribution of total content of ozone in the middle
and upper stratosphere characterizing quite independent physical processes.

At the present time extensive observational data relating to a period of two
decades have made it possible to clarify the principal patterns of spatial and
seasonal variability of the total ozone content [5]. The existing network, con-
sisting of more than a hundred ozonometric stations, is very nonuniformly distrib-
uted even in the northern hemisphere. Nevertheless, the accumulated information
must serve as a basis for the rational expansion of ground observations and the
planning of new measurement systems. A satellite monitoring system can become an
important addition to the existing ozonometric network. This study is devoted to
an examination of the problems involved in evaluating the information content and
planning remote systems for monitoring the variability of the field of total ozone

content in the northern hemisphere, taking into account the existing network of
stations.

Formulation of Problem

During recent years several experiments have been carried out for determining the
total ozone content on the basis of two schemes for remote measurement of this
parameter. The possibilities of a method using data on the spectrum of UV radi-
ation in the Hartley-Huggins absorption band, reflected by the atmosphere, have
been studied most intensively. Experience has shown [9] that the method of back-
scattering of solar UV radiation makes it possible to determine the total con-
tent with an accuracy of about 6% at all latitudes. As a comparison we note that
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the relative error in surface measurements of total ozome content is 1-2%. How~-
ever, the spatial resolution of such data is 150-200 km or less [9]. Other short-—
comings include the fact that this method can be used only on the daytime side of
our planet. In particular, the extensive polar zone of the winter hemisphere,

- where the ozone fluctuations are extremely significant, remains inaccessible for
measurements.

Another approach is based on measurement of atmospheric IR radiation of the atmo-
sphere-earth system at the nadir in the region of the ozomne absorption band 9.6}Am
[7]. The error in this method is about 7% in the low latitudes [7] and increases
by a factor of approximately 3 in a poleward direction, attaining a maximum value
of about 20% at 75°N [10], where ozone fluctuations are most significant. The
relatively low accuracy of the IR method is compensated by a higher spatial reso-
lution, attaining 30-40 km {7]. An important merit of the IR method is its applic-
ability at any time of day. An extremely high spatial demsity of measurements can
be attained by means of scanning with an IR spectrometer across the orbit.

The problem of planning observation systems 1is characterized by those temporal and
spatial scales of disturbances of the ozone field, data on which are of interest
for practical problems. At the present time the considerable interest in ozone

is related to the problem of modern changes in climate [4]. Here the following
characteristic scales are operative: time i{nterval from a month to a season, zomn-
al averaging from 20 to 360°. In addition to disturbances of a climatic scale
there is a broad spectrum of aperiodic fluctuations caused by synoptic processes
in the troposphere. In regions with a great (small) ozone content there is usually

a pressure field trough (ridge) [10].

Fluctuations of different scales can be separated by spectral analysis. This ap-
proach is used below for discriminating and indicating disturbances of a climatic
scale. The basis for determining the c¢limatic modes of the ozone field in the
northern hemisphere was obtained by computing the empirical orthogonal functions
(EOF) on the basis of a 10-year series of mean monthly data from analysis in a
regular grid cited in the atlas [6]. Despite the spatial nonuniformity, the ozon-
ometric network of stations provides data on the most important regions of zonal
nonuniformity of the ozone field in the northern hemisphere.

It is well known [4, 11] that the redistribution of ozone from the low into the
middle and high latitudes is associated with the structure of baroclinic zones
forming cyclones and anticyclones and also planetary waves in the upper tropo-
sphere and lower stratosphere. An analysis of the results of satellite observations
[7] confirmed that the most important regions of zonal nonuniformity of the ozome
field are located in Western Europe, in Eastern Siberia, in the middle-latitude
zone of the Pacific Ocean coast of Asia and the Atlantic coast of North America.
For the most part the regionms mentioned here are situated on the continent-ocean
boundary and are zones of active interaction between the atmosphere and ocean.
These regions were defined earlier on the basis of surface observations.

It is therefore not surprising that on the EOF graphs [1], computed on the basis
of statistical data [6], it is possible to detect the mentioned regions. The EOF
base which we used for spectral analysis cannot be considered entirely adequate.
The feasibility of its use for the planning of remote sensing systems (RSS) 1is
determined by the fact that it contains all the information from surface measure-

ments.
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The principal practical purpose of this study was an examination of three prob-
lems related to the planning of RSS: in what way is there a relationship be-
tween the surface ozonometric network, on the one hand, and the planned RSS, on
the other? Which of the two RSS —- IR or UV -- should be regarded as the more
promising from the point of view of monitoring fluctuations of the ozone field?
In what regions is it desirable, taking into account the currently existing
surface ozonometric network, to accomplish collection of remote sensing data,
bearing in mind the limitations on the storage capacity of on-board memory units?

In order to obtain answers to the formulated problems we will discuss the results
of numerical modeling in accordance with the spectral analysis scheme presented
below.

Method for Computing Informativeness Characteristics of Observation Systems

Now we will examine the method for evaluating the informativeness of global sys-
tems for observing fluctuations of the ozone field. In the case of surface observ-
ations the relationship between the measured and true values of the sought-for
parameter has the form

x(s)=x(s)+e(s), ¢}

where £ (s) is the random error in measurements at a station located at a point

of intersection of a horizontal grid s(s_= 1,...,N). The equation written in terms
of deviations from the mean climatic values x(s) has a similar form. It can be as-
sumed that g = (¢ 1), ..., EM))T 1is the random vector of observation errors hav-
ing mean components (£ (s) = 0) and a stipulated diagonal matrix of the covaria-
tions Kg = 0‘21 (1 is a unit matrix, T is the transposition sign). The latter
means that the errors in observations at different stations are statistically in-
dependent.

- It is known [2] that the interpretation of remote sensing data is related to solu-
tion of the linearized algebraic system

h AL (s)=A-Aq (s)+6 (). (2)

- Here /s L and A q are the vectors of deviations in the intensities of outgoing ra-
diatlon and the ozone profiles from the corresponding means L(s) and q(s), S (s)
is the vector of measurement errors. We will assume that the § components have
sero means and a known covariation matrix Kg and that remote measurements were
made at M points (s = N+ 1,...,N+ M). The deviation of the Ax(s) value is a
linear functional of the form rT. Aq(s) (r is an arbitrary vector) from the ver-
tical profile of deviations A q(s) at the s point of intersection. Here the vector
is the row xI = (b1,...,by); by are quadrature coefficients used for an approxima-
- tion of the integral in computing the parameter of total ozone content in a ver-
- tical column of the atmosphere. The evaluations AX(s), obtained in the form of
a linear function of AL(s), are related to the true values of the Ax(s) para-
meters by the expression

Ax (9)=4x (s)+e (5), (3)
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in which £ (s) = pT- 5 (s) - rT-R-Aq, pT = rToA'*', At is a matrix pseudoinverse of
A, R=1- AT-A. The dispersion ¢ (s) in (3) is described by the equation dg =
plKg'p + rT-R-Kq-R-r, where K, is the matrix of covariations for the Aq vector.

We will combine the observation equations (1) and (3) for the entire set of
points of intersection (s =1,..., N#M), using a spectral form of writing. The
FOF base affords such a possibility. Assume that the matrix

= . t k

z {21]] i=1> j=1

was formed by the values of the first k EOF in a grid containing t points of in-
tersection. We will assume that k< NM<t. For the vector of deviations of the
total ozone content at the grid points of intersection AX = (Ax(1),..., Ax(t))T
the following representation is correct

AX=Z-c+y. 4)

Here c = (cl,...,ck)T is a set of unknown coefficients of the expansion, Y is the
vector of residues of the series. In the set of grid points of intersection we
discriminate the set N+M of observation points and denote it ) . Then from (4)
we can separate out the subsystem

-~

AN, =2y - C 5, (5)

where £, = Yo+ £,, 8. 1s a vector whose components represent a set of observation

errors in (1) and (3). With the use of EOF as the system of base functions the

components of the vector c are independent random values with zero mean and stip-
. ulated dispersions Ai (i =1,...,k). The dispersion of the ¥ norm is determined

by the "tail" of the series .
2
2oA2,

i=1

The covariation matrix of the vector c A= diag ()\2,..., Ai) We use E’w to de-
note the covariation matrix £.. For the residual covariation matrix A of evalu-
ations of the ¢ vector the following formula 1s correct

N= (2 KoV Zo+ A | : (6)

We note that here it is necessary to invert a matrix of the dimensionality k x k,
which is virtually always applicable. Transformation to a regular grid makes it
possible to obtain evaluations of accuracy on the basis of computations of the
matrix of residual covariations

S—Z.A-Z 1)

It is desirable that the results be analyzed on the basis of absolute and rela-
tive accuracy characteristics. The values of the standard deviations 311 1=
i,...,t), representing the square roots of the diagonal elements J , charac-
terize the accuracy in analgsis of the ozone field. The values of the relative
residual dispersions a2 =(}ii/dii (A=1,...,t). Hered%i are the diagonal ele-
ments of the matrix for natural covariations in the regular grid E= 7. NzT, 1t
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is also desirable to examine the mean values in the grid.

¢ t
~a - 1 2
:—LZGEM d’-—-"rzd"
ti:l ' i=1

2

<]

Henceforth the

Va VaE
values will be called the analytical error (AE) and the relative analytical error
(RAE).

l

Mean Indices of Informativeness of Observation Systems

The spatial grid in which EOF computations were made had an interval of 2.5° in
latitude and 10° in longitude. The EOF were computed for two seasons: I (winter-—
spring), II (summer-autumn). Stations in the surface observation network were
modeled by the nearest grid points of intersection. It was assumed that the sat-
ellite observations are made in polar orbits, one displaced relative to the oth-
er by 20°. Three densities of satellite measurements were modeled along the orbit
with a latitude interval A91’2’3 = 2.5°, 5°, 10°. In accordance with the com-
ments cited in the first section we modeled 2 RSS. The first was a solar UV sys—
tem simulating the UV measurement system, having a constant relative error along
the orbit equal to 6%. In the computations of the informants for the solar UV
variant T (EOF for season 1) we excluded the measurements in the polar zone (to
the north of 70°N). The second -~ atmospheric IR, modeling an IR sensing sys-
tem, had a relative error variable with latitude along the orbit (as was indi-
cated in the first section).

Now we will analyze the results of computations of the mean indices of informa-
tiveness of AE and RAE, presented in the table. During the period of season I
the surface observation system is somewhat more informative than any RSS. In the

= course of season II the informativeness of the solar UV system appreciably ex-
ceeds the similar indices of the surface observation system. In this. case the
atmospheric IR system is close in 1its indices to the surface observation system.
The dependence of the accuracy of analysis based on data on solar UV radiation
on measurement density, as can be seen from the table, 1s of the order of mag-
nitude O (/l—n-), where m is the number of observations. Computations show that
the role of the indicated factor is also important in an analysis of the tropo-
sphere, with the surface observation system taken into account. 'Thys, -an in-
crease in the density of spatial measurements is an important reserve for an in-
crease in the effectiveness of the contribution of RSS data.

Due to the lack of data from UV measurements in the polar zone of the winter hemi-
sphere the solar UV system is inferior in its informativeness to the atmospheric
IR system in the period of season I. Computations show that the absence of meas-
urements in the polar zone causes an increase in the AE according to solar UV
radiation by a factor of approximately 1.5-1.7. Even taking into account data
from the surface observation system, the AE increases by 20-25% as a result of

the indicated factor. On the other hand, during the summer hemisphere the solar
UV system has an appreciable advantage over atmospheric IR. This advantage al-
most disappears under the condition that atmospheric IR measurements are made

in twice as dense a spatial measurement grid as solar UV measurements. Thus,
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the relatively low accuracy of atmospheric IR can be compensated by the possibil-
jties of using a higher spatial resolution of atmospheric IR for increasing the

density of measurements.
Table 1

Characteristics of Informativeness of Different Systems for Observing Field of
Total Ozone Content

Observation system Season Density of remote AE RAE
measurements, degrees

S0S 1 - 3.95 0.14
sS0S I1 - 3.72 0.18
Suv I 2.5 4.9 0.15
Suv I 5 6.3 0.19
SUV I 10 8.9 0.26 .
suv II 2.5 2.9 0.14
SUV+S0S I 2.5 2.7 0.09

_ SUV+S0S ‘11 2.5 2.2 0.11
AIR 11 2.5 3.84 0.18
ATIR+S0S II 2.5 2.61 0.13
SIR I 2.5 4.09 0.14
SIR+S0S 1 2.5 2.69

0.09

The AE and RAE values, according to data from the combined observations systems
-- atmospheric IR + surface observation system and sdlar ultraviolet + surface
observation system -- virtually coincide in the winter hemisphere. The solar UV
system, in combination with the SOS, is more {nformative in the period of sea-
son II than atmospheric IR. Changes in the AE according to data for the combined
observation systems, in comparison with the AE for individual systems, occur in
conformity to nonlinear relationships determined by the complex dependence of

the matrix components in (6) on the dispersions of measurement errors entering
into K¢ .

In summarizing the results of this examination, we note the following conclu-
sions. In the winter hemisphere the SOS has an advantage over the RSS; in the
summer hemisphere the opposite picture is observed. Ultraviolet measurements

must be made in the summer hemisphere and IR measurements are more effective

in the winter hemisphere.

Latitudinal Distributions of RAE

The field of the total ozone content has a known latitudinal structure. The dis-
persion of natural ozone fluctuations decreases, although not monotonically, from
the pole to the equator. The SOS is distributed nonuniformly in the latitude co-
ordinate. Most of the stations are located in the middle latitudes; the tropical
and polar zones are covered less well. Accordingly, taking into account the spec-
trum of natural fluctuations of the ozone field it is desirable to evaluate the
possible information contribution of the RSS, to clarify in what latitude zones
satellite measurements are especially necessary.
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The zonally averaged RAE values d%;('@ indicates a dependence on latitude), cor-
responding to different observation systems, are given in Fig. 1. The surface ob-
servation system appreciably exceeds the RSS in the summer season (Fig. la). In
the tropical zone atmospheric IR gives the minimum RAE values. Here the solar

UV has an RAE close to that which is characteristic for the surface observation
system.

In the middle latitudes, due to the increase in measurement errors, the informa-

tiveness of atmospheric IR becomes lower than for the solar UV system. Only in

the polar zome is it possible to note the advantages of RSS over S0S. During
_ winter (Fig. 1b) the RAE values for solar UV and SOS systems-are close in the
middle latitudes. In the tropics there is an indisputable advantage of RSS. The
solar ultraviolet system is more informative than the atmospheric IR system. Due
to the absence of UV measurements in the polar zone of the winter hemisphere the
RAE values for solar UV here rarely increase. This circumstance ensures an advan-
tage of atmospheric IR. However, the SOS and atmospheric IR are close in their
informativeness in the polar zone due to the relatively low accuracy of the at-
mospheric IR method.

<

i Jo . "”“‘"N
Fig. 1. Latitudinal dependences of RAE dg. a) season II: 1) SOS, 2) solar ultra-
violet (AB= 05°), 3) atmospheric IR (A8 = 2.5°); b) season I: S0S, 2) solar UV
(40 = 2.5 (AO= 2.59, without polar region), 3) atmospheric IR (AB= 2.59); c¢)
season II: 2) SOS + solar UV (AB= 59), 3) SOS + atmospheric IR (AO =2.59); d)
season I: 1)80S + solar UV (46 = 5° without polar region), 2) S0S + solar UV 48
= 2,50, without polar region), 3) SOS + atmospheric IR (AQ = 2.5°); e) season II:
1) Ad} (508), 2) A d) (solar UV); £) season I: 1) A d% (S08), 3) Adp (atmo-
spheric IR).

An analysis on the basis of SOS and RSS data is of maximum practical interest.
The dependence of RAE on latitude for two variants of combined observation sys-
tems SOS + atmospheric IR and SOS + solar UV (Fig. 1,c,d) make it possible to
draw several conclusions. The SOS + atmospheric IR system has a considerable ad-
vantage in summer in the tropics and in winter in the polar zone. The solar UV

- system in combination with the SOS in summer is more informative in the middle
and high latitudes. Since the measurements of solar UV have a lesser spatial
density than the atmospheric IR, the combined SOS + atmospheric IR is preferable
for winter season conditions (Fig. 1d).
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- In the analysis of the informativeness of the combined observation system it is
important to evaluate the individual informative contribution of its individual
components in different latitude zones. For this purpose we computed the data
increments arising in the creation of combined observation systems. It is natural
to determine them using the formulas: Ad% (atmospheric IR) = dze (S0S) -dé (atmo-
epheric IR + 508); AdJ (solar UV) = d3 (SOS) -d (solar UV + SO8); A dj (S0S/
atmospheric IR) = dé (atmospheric IR) -d% (atmospheric IR + S0S): zld% (s0S/solar

- Uv = d2 (solar UV) Zd2 (solar UV + SOS). Latitudinal increments of information
show that the S0S has information advantages in the middle latitudes for both
seasons. In summer the advantages of the SOS are limited to the range 40-60°N
(Fig. le). The solar UV system considerably dominates in the tropical and polar
zones. In winter the advantages of the atmospheric IR system also remain import-
ant in the tropical zone (Fig. 1f). In the high latitudes the role of satellite
observations is somewhat less appreciable.

An examination of the latitudinal aspect of the problem of informativeness of
the planned RSS makes it possible to conclude that the solar UV and atmospheric
IR systems mutually supplement one another. They also supplement SOS data. In
summer in the tropical zone it is desirable that the atmospheric IR system be
used. In the middle and high latitudes it is necessary to make measurements us—
ing the solar UV system. During winter, on the other hand, the solar IR system
can provide useful information in the polar zone. In the tropics and temperate
zones the solar UV system can have advantages over the atmospheric IR system.

f)
) b ] 1 ’ ‘
2’ '
7 7 T E

Fig. 2. Zonal dependences of information increments Zﬁd%. a) season II: 1) SOS,
2) solar UV, b) season I: 1) SOS, 2) atmospheric IR.

7onal Structure of Characteristics ¢f Informativeness of Measurement Systems

RSS have a characteristic feature: measurements along polar orbits close to mer-—
idional circles. Obvious limitations on the volume of storage of the information
collected by means of on-board memory devices dictate the timeliness of the prob-
lem of optimum planning of observations. An examination of the meridional aspect
of the problem made it possible to formulate recommendations on measurements in
different latitude zones. The investigation of latitudinally averaged RAE values
d%., being a function of longitude A, creates a prerequisite for the detection
of the most informative orbits. For SOS the informational contribution zlda
(S0S/solar UV) = d% (solar UV) —d% (solar UV + S0S) (Fig. 2a,b) attains maximum
values along the continental regions, and the minimum values —- for longitudes
corresponding to the location of the Pacific and Atlantic Oceans. The western
coast of North America and East Asia (excluding the Japanese islands) are poor-
ly supplied with data. In order to study the role of RSS it is desirable to ex-
amine the increments of the informativeness indices attributable to the contrib-
ution of satellite observations: Aﬁd% (solar UV) = d% (80S) -d% (solar UV + S0S);
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Ad%, (atmospheric IR) = d2 (s0S) -dz;\ (atmosoheric IR + S08). The curves of the
mentioned data increments’ shown in Fig. 2a,b give some idea concerning the
relative effectiveness of measurements in relation to different longitude val-
ues. The maximum values of the information contributions Ad% (solar UV) and
Ad% (atmospheric IR) fall in the central regions of the Pacific and Atlantic
Oceans. In addition, a region of East Asia is defined where the ozone variations
are significant both in summer and in winter and the network of surface ozono-
metric stations is inadequately dense, as is indicated by the Ad%\ minimum (sur-
face observation network) at A = 120°E (Fig. 2a,b)
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Fig. 3. Information contribution in individual orbits Ad (dependence on lon-
gitude of orbit A ;). a) season II: 1) solar UV; 2) atmospheric IR; b) season I:
1) solar UV, 2) atmospheric IR :

These estimates relate to the influence of the entire set of observations on re-
finement of the zonal component of the ozone field. However, for the purposes
of planning it is important to study the information contributions of measure-
ments in individual orbits. Since the measurements in a particular orbit with
A= \, make the principal contribution to evaluation of the field at the sub-
satellite points, it is desirable to examine the values Ad%i (atmospheric IR
N = dz)\i (surface observation network) —dz)‘ (surface observation network +
atmospheric IR (A ;) Ad%, (solar UV (A;)) = d%. (surface observation network)
—dz;i (surface observation network + solar UV ()il)) . The maximum values of the
functions describing the contributions of the measurements in ‘ingl\_ividual orbits
(Fig. 3a,b) relate to the already mentioned central regions of both ocedns and
- ' also to the eastern part of Asia. The effectiveness of the measurements in the
indicated regions is 1.5-2 times greater than for other orbits. The minimum
values of the information contribution relate to orbits passing over Western
Europe ()= 0-10°E), Central Asia (A= 80-90°E) and North America (X= 80-100°
W). In addition to these zones, having extremal indices of effectiveness of
satellite measurements, it 1s necessary to note the adequately informative or-
bits passing over the western part of North America and the eastern sector of
the Pacific Ocean (A= 120-140°W). During summer it is desirable to carry out
remote measurements at A = 60°E, which supply information on considerable fluc-
tuations of the ozone field caused by the peculiarities of the dynamics of air
masses associated with the Asiatic monsoon in the northwestern sector of the
Indian Ocean. The similarity of the dependence Ad2 (solar UV (A)) and AdzA
(solar UV) on A\, and also the similar characteristics for atmospheric IR
again confirm the conclusions in [3] that the horizontal correlation of the
ozone field has a spatial scale similar to that which is characteristic for tem-
perature and geopotential. Thus, the informative orbits are situated not only over
the waters of the oceans, where there are almost no surface observation stationms,
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but also over regions covered by measurements where there is a great variability
of the total ozone content.

Principal Conclusions

The systems for remote indication of the field of total ozone content in the
northern hemisphere in their informativeness are close to the surface network.
The principal contribution of data from satellite observations is from the high
and tropical latitudes. The IR system is most effective in winter, primarily in
- the temperate and polar latitudes. The UV system has appreciable advantages in
summer in the middle and high latitudes. In the tropical zome the desirability
of using IR measurements is related to the possibilities of attaining a high
spatial resolution (30-50 km). The most informative orbits are those passing
not only over the ceatral part of the waters of the Pacific and Atlantic Oceans,
but also over regions of East Asia (A= 120°E) and the western part of North Am-
erica (A= 80-100°W). In summer it is desirable that measurements be made in an
Asiatic orbit at A= 60°E. Observations with allowance for the cited recommend-
ations and with use of satellite systems will supply information which to a sub-
stantial degree is not dependent on data from the surface network of stationms.
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UDC 551.(558.1:576.11:509.616)

AXISYMMETRIC PROBLEM OF FREE CONVECTION AND NUMERICAL EXPERIMENTS FOR DYNAMIC
MODIFICATION OF A CUMULUS CLOUD

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 81 (manuscript received
30 Sep 80) pp 46-53

[Article by A. S. Kabanov, candidate of physical and mathematical sciences, and
A. Ye. Klykov, Institute of Experimental Meteorology]

[Text] Abstract: It is demonstrated by a comparison of

- an analytical solution of a simplified and numer-
ical solution of the axisymmetric problem of dry
convection with a constant turbulence coefficient
that the development of convection into multilevel
convection is a result of a stable stratification
of the atmosphere. On the basis of an axisymmetric
model of a cumulus cloud both with variable and
constant turbulence coefficients the authors carr-

“ jed out a series of numerical experiments for the
dynamic modification of a cumulus cloud for the
purpose of ascertaining the most favorable modifica-
tion conditions.

In {5] we compared the results of a numerical axisymmetric model of convection with
the results of analytical solution of a plane problem, which could cause doubts as
to the admissibility of such a comparison. Accordingly, the purpose of this ar-
ticle is first and foremost a demonstration that in the case of stable stratifica-
tion there is an effect of development of atmospheric convection into multilevel
convection. The proof is presented using an analytical solution of a simplified axi-
symmetric problem of dry convection and comparison of the analytical solution with
the numerical solution of the axisymmetric problem with a constant turbulence co-
efficient. A knowledge of the analytical solution of the axisymmetric problem and
its comparison with the numerical solution also made it possible to solve a number
of important methodological problems for ascertaining the extent of the reckoning
region undistorted by boundary conditions (simulating conditions at infinity) when
formulating a numerical model of a cumulus cloud. Earlier this model was used in
studying the thermal effect on a cloud [5].

Recently much attention has been devoted to dynamic methods for modifying cumulus
clouds for suppressing cloud activity. As is well known, descending movements favor
the evaporation of droplets and thereby the destructiou of clouds. Among the
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methods responsible for the formation of descending currents are the helicopter
modification method, the flight of aircraft over clouds, the maneuvering of jet
aircraft with large pitching angles, and the dropping of powders of different
composition from aircraft: talec, sodium chloride, etc.

When powder is introduced into the region of the tops of convective clouds, in
addition to the powder there is downward entrainment of the surrounding air with
the moisture and cloud droplets present in it [4]. Unstable stratification in
clouds accelerates the descending flows, in which the air temperature is below that
of the ambient atmosphere and there is an intensive evaporation of cloud droplets.
The dispersal of a cloud occurs as a result of the outflow and settling of its

peak and "peeling off" and evaporation of the cloud at its base. The effect of

the powder is associated with the destruction of ascending flows in the clouds,
which leads to a cessation of its development and dispersal.

It was demonstrated in [2, 3] that in an unstably stratified atmosphere, under the
influence of the momentum of the descending air movement, the development of sta-
tionary jets is possible. The results of the theory of stationary descending flows
demonstrate that under real conditions the velocity of the descending jet can be
equal to the velocity of the ascending flow and even exceed it. The destruction

of the most vigorously developing clouds should occur more intensively, which is
associated with the more unstable stratification of the atmosphere. With the ar-
tificial formation of stationary descending jets it is necessary to take into ac-
- count the intensity and duration of the downward-directed force.

Below, on the basis of the nonstationary problem, using numerical methods for so-
lution of the nonlinear equations of thermohydrodynamics with variable turbulence
coefficients, a study is made of the influence of the effect of the downward-
directed force on the development of a cumulus cloud.

Linear axisymmetric problem of free convection in a stably stratified atmosphere.
without viscosity and thermal conductivity. We will examine the convection of an
ideal fluid in a cylindrical coordinate system when boundaries, humidity, viscos-
ity and thermal conductivity are absent and the nonlinear terms are negligible. In
this case the system of equations of free convection can be writtén in the form:

ot T T ar’ (1)

aT’ (r,z, 1)
Tt (ra— ) Ve =T02d,

PCp (2)
where the tangential component of vorticity is
_le_ oV LgEV_ 1OV, i¥) *
NEF T e — 7 o T T Tor ez |t
¢ 12
Y is a function of the Stokes current, V, = - Taz is the radial velocity compon-

ent, V, = i_?ylis the vertical velocity component, g is the acceleration of free

falling, T' is temperature deviation from the background Tg, T; = g/c is the dry
adiabatic temperature gradient, Y= —¢9T0/2 z is the background temperature gra-
dient 7’ - >0, c_ is the specific heat capacity of air at a constant pressure,
/9 is air density, q is the stipulated density of the heat source.
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At the initial moment in time motion is absent and an arbitrary local temperature
disturbance T'O(r, z) is stipulated such that

w v \

CS J rTydrdz = . %)

-0

With (3) taken into account, the system of equations (1) and (2) can be repre-
sented in the form

0 1 (eW | A% BT\ _ g4l
atr (dﬂ ~7r Tor +o_z:'_)'—_7'.,_7' (5)
T . 1 0F__ ¢
o +(‘“_T)TF“E' : (6)
We apply the Laplace transform to (5) and (6). We have
Q(Fe_1oe  Ee)_ g %
I (orﬁ. 7 or Oz‘-‘)__fo_dr' @)
1 0¢ . |
Pe+(“{a—7)7'§;’—‘7‘o+jp—c;q, (®)

where p is the Laplace transform parameter,

(o]

o= | verat, 8= {Terat, g = (qe-rat.
0 0 &

8

Solwving the system of equations (7), (8) relative to 55, we obtain

@ _1oe oo _ 1 g (0_76+;_z«7_)
or: r or " a® 0z = pat T, ar pcp or)’ ' €)]
where
PP+ ooq g
112:—,’7—-, m%:(‘.’a—"{)—f;‘.

With r~00 and z-+% P*0. Applying Green's function, the expansion of the d (2)
function into the Fourier integral and Hankel transform for the J (r) function, the
solution of equation (9) can be represented in the form

p'.'a'.‘

-0

e 1 TTiraty
0 =55 | L (Torve9)» (10)

v Ve Jy (k) o (kr')e~art-dkdr' dz,

v

where k is the Hankel transform parameter; Jg and Jp are Bessel functions of the
first kind of the zero and first orders respectively.

1f the heat is released at the origin of coordinates, then

~

' Q RIS ’ ~= G+ ar’az’. (11)
Tn"'z.-.rpcpo(r)o(z)’q 2=r’ ( ) ()

Here Q 1s the total quantity of heat released at the initial moment in time; qy
is the Laplace transform of dx —-- the quantity of heat released in a unit time

at the origin of coordinates.

Substituting (11) into (10) and carrying out integration in the derived expression,
we find that
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—__ & 2 Pt
b= Tmip o B (pi 4 W) (2 & w?) 0 (Q + g9.) (12)

2 2
Here R = Jrz + 22, a)z = %U 0. Performing the inverse Laplace transform, we find
an expression for the Stok}és stream function

t
‘F=rﬁp—,—(;—3[ Qf(f)+'§f(t—'~)q..(—-’)d<']. 13)
where

O =t/ (wt) - wg _f(t —2)Jolw (£—2)]J; (o) d=. (14)

[¢

Expressions (13) and (14) represent the general spatial asymptotic solution of

the convection problem, which reflects the real variation of the process at dis-

tances R considerably exceeding the dimension Rp(t) of the region within which

is concentrated all the heat from the source. With R» Ry the heat source can be

considered a point source, the current velocity with increasing distance from

the source tends to zero and the scales of the inhomogeneities of the velocity

and temperature fields increase. Accordingly, a solution at great distances from a
- source can be obtained by neglecting the nonlinear terms and the terms taking vis-
- cosity and thermal conductivity into account in the free convection equations.
When R}Ro the nature of the attenuation of the velocity amplitude in conformity
to the law B(t, cos 9’)_1__ follows from (13) and (14), where the % function is
not dependent on R and tﬂg ¥ angle is reckoned from the vertical axis. However,
expressions (13) and (14) still do not contain a definite final answer concerning
- the details of the flow structure. By stipulating one or another specific form

of the heat source it is possible to penetrate without limit into the study of

the formulated problem.

. Comparison of results of numerical and analytical solution of the dry convection
problem. If in equation (13) the second term on the right-hand side, correspond-
ing to the constantly operative heat source, is assumed equal to zero and one
leaves only the first term with the initial temperature momentum different from
zero only at the origin of coordinates, the stream function of the amalytical so-
lution of the linear problem of free convection assumes the form

£
¥ = T, T, R]Qf(t). (15)
The basis of the numerical model of dry convection is a system of equations in

thermohydrodynamics in the Boussinesq approximation: to the right-hand sides of
equations (1) and (2) we added the expressions

d oy Vo pf#Fn L On, #n %

- fo_;—'VZ'JE'L'_r'*'k(—dr_tJ" r or 7 o ry
ar T’ of | 1 er | T
Vv (Gt

respectively. The initial conditions had the following form:

r

=V, =V ==, T (r, 2, 0) =I7‘(',e- ‘o sin? ;—z, r<r,=1000 %, z=2z,=1600u%,
{ 0, r> 1000 4, z>600 .,
T, =1K, To (2) =To i0) —y 2, To (0)=298 K.
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Fig. 1. Evolution of Stokes stream funct:ion'y:((lﬂ5 m3/sec) of analytical (at left)
and numerical (at right) solutions of the dry convection problem.

In the numerical solution there was satisfaction of the axial symmetry conditionm,
attachment condition at the lower boundary and heat absorption condition at the
lateral, lower and upper boundaries. The values of the parameters at the lateral
and upper boundaries corresponded to conditions at infinity for a motionless at-
mosphere. The turbulence coefficient k = 40 mz/sec. The initial thermal impulse
coincided in value with the thermal impulse of the analytical problem. In both

- the numerical and analytical solutioms Y= 0.008 K/m.

The calculations were made in an explicit scheme with variable right differences.
The Arakawa scheme [1] was used for the nonlinear terms and the remaining terms

. were approximated by central differences. Equation (3) was solved by the method
of a decrease in dimensionalities [8]. The calculation region fell in the range
of 6,000 m along the r and z axes. The time interval was equal to 10 sec and the
spatial interval along both axes was 200 m.

An analysis of the analytical and numerical solutions indicates that nonstatilonary
oscillations with the frequency & arise in the medium; the frequency is dependent
on the coordinates. The dependence of frequency & on coordinates leads with time
to stratification of the current into a number of eddies whose number after each
time interval, equal to the Brent-Viis414 period 2n /wy, increases by unity.

This effect was also described in [5, 6].

Figure 1 shows the stream function for the analytical and numerical solutions of
the dry convection problem. The numbers at the upper right corners of the rec-
tangles denote the corresponding moments in time (in minutes) from the beginning
of development of convection. It can be seen from a comparison of these figures
that as might be expected, convection in the greater part of the space, excluding
the boundaries of the reckoning region and the region where the heat from the in-
itial impulse is concentrated, has an almost identical character. Naturally, the
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quaatitative characteristics of the field of the convective current, described an-
alytically and numerically, differ somewhat. It should not be forgotten here that
in the numerical model the initial impulse occupies some spatial region with its
center situated on the z-axis and at an altitude of 300 m from the underlying sur-
face, whereas in the analytical model the initial impulse is situated at the origin
- of coordinates and the underlying surface is absent. We note also that in the an-
alytical model the heat spot at all times remains at the origin of coordinates,
whereas in the numerical model it rises in the process of development of convection,
cooling as it rises, and is scattered as a result of turbulent diffusion. The prin-
cipal objective of the comparison is the proof (as can be seen from the figure) that
the number of eddies is approximately identical in the analytical and numerical
models, as was already indicated in [5], where the results of the numerical model
were compared with the results obtained in analytical solution of the plane prob-
lem. Thus, nonlinear effects, viscosity, thermal conductivity and the underlying
surface exert an influence only on the configuration of the eddies, whereas their
number 1s determined by the degree of stability (that is, the </, value) in the
atmosphere and the time elapsing from the onset of development o? convection.

In earlier studies [7, 9] it was also possible to note the well-expressed charac-
ter of multilevel convection, but the authors there did not reveal the reasons
for this phenomenon and the authors themselves did not devote due attention to
this problem.

- The finding of new properties of already known phenomena and a description of the
patterns to which these properties conform can be considered successes of the
theory. In this case using the generally accepted equations it was possible to de-
tect an interesting property of free convection -- the stratification of a current
into a series of eddies in a stably stratified medium.

In addition, a comparison was made of a methodological development of a numerical
model of a cumulus cloud. This made it possible to select such dimensions of the
reckoning region in which the current zone, distorted by the upper and lateral
boundaries of the reckoning region, did not intersect the region (Rg(t)) during
the time of development of the entire convection cycle -- from rest to the moment
of activation of the temperature impulse to the maximum development of convection
and its subsequent attenuation. For the case represented in Fig. 1 at the right,
the development of convection from its beginning to the stage of maximum develop-
ment is 10 minutes, then after 5 minutes the current velocity (in the zone of ac-
tion of the source) decreased by half In this case the RQp dimension differed in-
significantly from the dimension (103 m) of the initial heat impulse.

Dynamic modification of cumulus cloud. With dynamic modification there is clarifi-
cation of the problem of the possibility of cloud dispersal using a concentrated
downward-directed force imparted to one part or another of a cloud or cloudless

- space and operative at all times from the beginning of modification to cloud dis-
appearance. The investigation was carried out on the basis of the equations of
thermohydrodynamics in a cylindrical coordinate system with a variable turbulence
coefficient:
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ror 0z T ar T ror ™ or ,
(16)
4 ar 7
— —d b —
+Ozk02 kr-'
0A 04 | |, 0A , 1 8, 0A, d , 0A
.FI-+VIB;-TVZ.0—: (Ta—T) ‘/‘—-r—wkr—ar—‘*-az&dz’ (17)
6R ., 9B . ., 9B 16 , 08,0 ,20
GFrVigtVig-TVisrghragtahs
- : .. . (18)

F=(-;.,; +0,613'—3cw)g+ F,(r,z,t},

where
[B = modification]

Frod = 9(t)Ff(r, z)is the force of dynamic modification

0 when t<tp.q4»

B() = {

tmod is the time elapsing from the beginning of convection to the time of activation
of dynamic modification, Fg¢ is a constant downward-directed force stipulated at two
points: on the axis and alongside the axis in such a way that the magnitude of the
integral 24 24

'/j 231pFf rdrdz
o o P

is equal to 4.9-10°H. F¢ at the grid points at which it differs from zero 1is of the
same order of magnitude as the maximum value of the buoyancy force.

1 when t2tod

Fhuoy = (-;—0 + 0,61 s — Bcw) g,

s' is the deviation of specific humidity from the background value sy, ¢ is spe-
cific liquid-water content,

—_ 9so
F=—3
1 JTI—LC ¢ —¢ in a cloud
N « -
"= [0 A =[ T K , B= {s' ® outside a cloud
L is the latent heat of water condensation, A is the grid interval, /O is air

density.

In order to compute T' we used equation (3), and for the turbulence coefficient we
employed expression [10]:

e {2 2 (8 (8 ()

where ¢ 1is a constant coefficient which was selected empirically.
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Fig. 2. Dependence of lifetime of cloud on altitude of source of dynamic modifica-
tion (a) and on the moment of onset of modification (b). 1) for model with variable
turbulence coefficient; 2) for model with constant t_:urbulence coefficient.

In the model with a constant turbulence coefficient k = 40 m2/sec. The initial and
boundary conditions, reckoning region and also other parameters were the same as
in our preceding study [5]. We employed the same numerical method as in the dry
convection model.

- Figure 2a shows the dependence of cloud lifetime on the distance between the under-
lying surface and the point of imparting of the concemtrated force beginning to op-
erate in the first minute of cloud existence. The dimensions of a cloud in models
with both variable and constant turbulence coefficients did not exceed 103 m. In
both models a cloud without modification attained its maximum development in the
fourth minute of its existence. Curve 1 illustrates the dependence of cloud life-
time on altitude of application of the modification source in a model with a var-
{able turbulence coefficient. Curve 2 in this figure shows the results of a numer-
ical experiment with dynamic modification of a cumulus cloud in a model with a
constant turbulence coefficient. It must be noted that in a model with a variable
turbulence coefficient the lifetime of a cloud without modification is 7 minutes.
and its center is situated at an altitude of 600 m. However, in the model with a
constant turbulence coefficient the lifetime is 6 minutes, whereas the center of

- the cloud is situated at an altitude of 800 m. A maximum effect is obtained in
both cases if the modification is carried out at an altitude of about 800 m, that
is, between the peak and the middle part of the cloud.

Figure 2b shows that in models with both a constant and variable turbulenpe coef-
ficient there is a directly proportional dependence between ‘the lifetime of the
cloud and the time of onset of the dynamic mofification. The modification effect
is the smaller the closer to the end of cloud existence it is activated. Evident-
1y, such a dependence is related to the small size of the cloud and its short
lifetime. In the case of well-developed clouds with a long lifetime this depen-
dence, if it can be established, will possibly have a somewhat different charac-
ter.

In our numerical experiments the great intensity of the imparted force under nat-
ural conditions can be identified from a helicopter hovering at a definite alti-
tude.

In conclusion the authors express appreciation to V. I. Bekryayev for useful dis-
cussions.
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UDC 551.(576+507.362) (-062.1.45°:-062.2.45°)
CLOUD EXTENT IN ZONE 459°N-45°S OVER PLANET

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 81 (manuscript received
30 Oct 80) pp 54-60

[Article by O. A. Avaste, doctor of physical and mathematical sciences, and 0. Yu.
Kyarner and S. Kh. Keevallik, Institute of Astrophysics and Atmospheric Physics,
Estonian Academy of Sciences]

[Text] Abstract: Assuming the albedo of clouds in the

indicated latitudinal zone of the planet to be

_ constant, and employing published data on albedo

of the earth's surface, mean monthly estimates of

cloud cover are made on the basis of two satel-

lite measurements of albedo. Employing simple

_ stochastic analysis, the climatic mean value of
cloud albedo is estimated. The conclusion is drawn
that the proposed method gives satisfactory results
in determining cloud coverage over a homogeneous
underlying surface and regions with a relatively
small albedo.

Many studies have been made to determine the mean cloud coverage over the earth*.
Most of these investigations have been based on surface observations. They have
given exaggerated values for rather extensive regions. Among the estimates made on
the basis of satellite data, the most thorough are given in the atlas of Miller
and Feddes [10] and in studies carried out under the direction of Sadler [14, 15].
The first gives maps of the mean monthly cloud cover for the period 1967-1970. The
data taken from this atlas will henceforth be called M-F estimates. The studies of

the Sadler group characterize the period 1965-1975. These results will henceforth
be called S estimates.

A comparison of these studies reveals a considerable discrepancy in the climatolog-
ical estimates: the S-estimates exceed the M-F estimates by a factor of approximate-
ly 1.5 [4]. A far lesser scatter is indicated by a comparison of the mean zonal al-
bedos obtained on the basis of different satellite measurements (Fig. 1). According-
ly, in determining the quantity of clouds of this type the data could serve as a
point of departure. Here the principal difficulty arisés in that an identical

A review of the corresponding literature can be found in [1] and [3].
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planetary albedo value is formed by several methods: with a small albedo of clouds
and a great cloud coverage, and also with a great cloud albedo and their small

coverage.

5
42 : : . 1 . ! . ) R ! )

J
N 80w, 124 20 [ 20 40 60w, S

v

Fig. 1. Zonal distribution of mean annual albedo values for the earth—atmoéphere
system according to different studies. 1) [12, 131, 2) computations by authors on
the basis of NOAA data, 3) [17], &) [6].

In this study it is assumed that the climatological cloud albedo value is constant
and on this basis an evaluation of the mean monthly quantity of clouds 1s made on
the basis of data from two satellite experiments. Using a simple stochastic anal-
ysis the conclusion is drawn that in the zone 45°N-45°S a relatively small quantity
of clouds and a great albedo of clouds are more realistic.

Approximation. In evaluating the quantity of clouds use is made of the simple re-
lationship

a=(1—x) apt+x ay. ' . @)

Here a is the measured albedo, to be more precise, that determined using data on
the measured brightnesses at different wavelengths and for known solar altitudes,
a~ is the albedo of the earth-atmosphere system in the case of a cloudless sky, aj
is the albedo of clouds, x is the quantity of clouds in fractions of total sky
coverage (0K x<1).

In our approximation we will consider ag to be constant in a definite region of a
particular latitude zone in the course of one month, that is, we will use the data
mass ai_ , where k is the month, j is the zone, 1 is the region. Each zone is div-
ided in%% three regions. The ocean is denoted 1 = 1; the coastal areas and the land
with a low albedo are demoted 1 = 2 and the land with a high albedo is denoted 1 =

3.

We will assume that aj is not dependent on latitude and is constant in time. Then,
using (1), for the mean monthly data for a in squares 2.5 x 2.5° we obtain the
mean monthly quantities of clouds in the corresponding squares:

— 4= :
X = —a‘ —as (2)

In the squares where a{ag we will assume that x = 0, and where a2aj, we will as-
sume that x = 1.

Initial data for a. The study is based on estimates of planetary albedo using data
from two satellite experiments.
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In an experiment with the "Nimbus-4" satellite there were ten l5-day cycles with

transit of the equator at approximately 1100 LT. The processing of data for finding

estimates of albedo was described in detail in [12] and [13]. As a result, we had at
- our disposal 15-day mean albedo wvalues in the zone 30°N-30°S in squares measuring
2.5 x 2.5°, as well as the minimum albedo values for each cy:le.in these same
squares.

From the results of measurements from satellites of the NOAA system (intersection
of the equator at approximately 0900 LT) we used the mean monthly albedo values in

- the zone 60°N-60°S in squares measuring 2.5 x 2.5° during the period from July 1974
to June 1977. The method for obtaining these evaluations was described in [7]. The
zonal variation of the mean annual planetary albedo according to these data, to-
gether with the results obtained by other authors, is indicated in Fig. 1, from
which it can be seen that the albedo values according to NOAA for the zome 40-50°S
greatly exceed other similar albedo estimates. This can be attributed to earlier

_ intersection of the equator [7].

Evaluations of ag. In order to find the albedo of the earth~atmosphere system ag
we use published data on albedo of the earth's surface o( g and a formula from (2]

T a<,=Auo—'r-B.

N On the basis of data for the ent ire earth Budyko found for the coefficients the
values A = 0.66, B = 0.1. Here we are interested for the most part in the region
300N-30°S, where the albedo of the underlying surface is small (060< 0.35). For
this regicn, employing the least squares method, we found the values of the coef-
ficients A oand B from the following data. The (ot 0} data were interpolated for each
month using the maps from [8], which give the mean monthly albedo values for the

. earth's surface for squares 10 x 10° for four monthks: February, May, August, Novem-
ber. The {aoj data were obtained using data on mininum albedo according to measure-
ments from the "Nimbus-3" satellite. These data were used in obtaining values of
the coefficients A = 0.85 and B = 0.05.

. Table 1
Frequency of Cases a>aj; for Different aj Values
ay "Nimbus-3" NOAA NOAA
~ 309N-30°S 300N-300°8 450N-45°8
’ 0.60 0.0005 0.0007 ©0.0012
0.55 0.0009 \ 0.0030 0.0044
0.50 0.0028 emeee— mmeee—

The determined coefficients were used in preparing tables of the mean regional al-
bedo values al . The separation. of the land into parts with small and large albedo
values & wasCarried out on ttre basis of the maps in [8]. The coastal squares
were those where the seas were less than 75% in area.

Choice of aj. The use of the proposed method for evaluating cloud coverage on the
basis of albedo values for the earth-atmosphere system requires a predetermined
constant cloud albedo value aj. It is impossible to use climatological evaluations
of albedo a; obtained on the basis of a priori zonal cloud cover distribution.
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Table 2
Mean Zonal Cloud Cover Data According to NOAA. a; = 0.60
; l l l [ : :
e v ivn ke c ey by
Zone E I i1 ? I I i V ! \Iv !\II Vi IX | X ¢ XI ,Ml Year
45—425 N b, 0| 45 ) 41 |39 | 38 F 36 133133 (35 (42140 4
42,5—40 48 | 46 [ 43139 {38 ] @5 [ 34 120 129 |33 [3% |43 38
40—-37,5 34213 601022 1 24 | 29§25 (28 |0y |24 40 34
37,5—35 39 | 39133 2431129727 |24 2 28 |30 | 36 | 32
35—32.5 38 1 36 [ 333533 (29|27 |23 12 |27 30|35 3l
32,5—30 233 | 3133 | a4 (32|22 22725129 |33 ] 29
30—27.,5 K3 29 b2 b 2o B0 ) 25 ) 27 125126 122 ;25 (28 27
27.5—925 oy | uT 127 (o7 1261 25 | 20 ]2 (26 |22 124 |62
25—22,5 20 |26 | 2 | 2024243 32|20 122]23 HI )
22,5—20 25 | 26 [ 24 | 241 22| 26 | 3235129 |24 | M |25} 27
20—17.,5 24 [ 23 24 | 23] 222 | 32135 (3 2123 123 ) 26
17.5—15 21 o2t 2] 21 25 | 3 34 {30 1251221201 24
15—12,5 20 19 | 21 19 | 21 27 1 33 |3 o4 128 3201 25
12,5—10 22 21 22102 | 27} 3 29 142 141 136 28 28 3
10—-7,5 WA 20 |1 291 36 | 40| 45 |45 [ 46 | 43 |59 {32} 37
7.5—5 33 1 34 37 | 2 40| 4l 42 [40 |39 4 (38 |37 1 38
5—25 35 | 30 138 | 35133132135 133133 |34 (3334 ] M4
- 2,56—0 24| 37 T3] 25126 | 39129 |3 32 |81 {32] 31
0—25° S 38 139393 S | 23] 28 |27 [d0 )32 32 (33 )3
2,55 9 439139 ] 31| 23] 7 127 |31 |35 )35 |35 | 82
5—7.5 41 39 1301 27 | 21 22 | 27 {27 |31 | 35136 35 | 3l
7,5—10 40 038 | 223t 2 125 126 129 |34 |36 )6 | 30
10—12,5 49 1 38 31 2>y 21 2 4 25 {28 |20 |4 7 {37 1 31
12,5—15 38 | 3 30 2412 3 124 27 129 13235136 |3
15—17,5 36 | 36 |30 | 24 24 | 23| 24 |27 | 3213 35| W
17,5—20 3 3t 1o | 24 | 24 | 24| 25 (27 |31 {33 (3434 29
20—22,5 A | 25 | 23 | 24 [ 25} 26 127 |31 [[31 |3l |2 28
22,525 30 129 (26 {2 28 | 25 | o7 127 132 |3 32130 | 28
25—27,5 3 0192712629 | 271303 [35 |34 ]33] 30
27,5—3Q 31 | 32| 28§ 28| 32| 3l ;35|33 |36 |36 3332 2
30—-32,5 35 ) 36 | 2 3 | 25139 |38 |41 [41 {38 |35 37
32,5—35 39 | 41 | 38.] 37 | 41 | 39 | 41 |41 [ 43 |43 | 43 ;40 | 4l
35375 44 146 | 46 | 43 [ 44 | 44 | 46 [ 44 [ 47 [ 47 |48 |46 | 45
37,5—40 49 | 30 | 32 | 47 | 48 | 48 | 50 {47 |30 j 51 |52 | 8] =0 '
40—42,5 4 15435 )31} & 31 4152 132 |54 [56 )35 53
42,5—45 59 [ 60 | 57 ! 34 | 52 | 55 | 56 |34 |54 |57 |58 |33 | I6

Since model computations reveal a great variation of cloud albedo as a function of
types [16], in this study we have presented computations for several aj values: 0.55
and 0.60 for NOAA data and 0.45-0.70 with an interval of 0.05 for "Nimbus-3" data.
With each a, value we registered the number nj of cases where ap»aj. The corres-
ponding frequencies nj/M, where M is the number of all the cases in the experiment,
are regarded as the probabilities that the entire month there will be a continuous
cloud cover over some square. We evaluate this same probability, taking into account
- the asymptotically normal distribution of the sample means N(m, 0°) and using evalua-
tions of the mean cloud coverage and the cloud cover dispersions obtained in other
studies [4, 14, 15].

- We will assume that the observations are independent. This assumption, which 1s suf-
ficiently correct in the case of squares 10 x 10° [4] may "not work" here with
squares of 2.5 x 2.5°. Taking this into account, we will evaluate the probability of
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observing a continuous cloud cover in the course of eight independent observations.
The maximum evaluations for the mean m value are obtained with squares 2.5 x 2.5°
in the zone 459N-45° in the interval 0.65-0.70 (S evaluations for an average of 11
years). For the standard deviation from these same data we obtain O'= 0.1. Then
the probability that the sample monthly cloud cover mean is equal to 1 is found to
be in the range . :
0,00003< P (x=1) <0,0014, ’

since the 1 - m value falls in the range
o< l—m<i4e.

The assumption with respect to squares with large mean quantities of cloud accord-
ing to S evaluations leads to the same results. For squares in the entire zone the
corresponding probability is still less.

The experimental frequencies nj/M in our computations with different aj values are
given in Table 1. It can be seen that the best coincidence between the two assump-
tions concerning the probability of a continuous cloud cover over the course of a
month is obtained with the following aj values: 0.60 according to NOAA data and
0.55-0.60 according to "Nimbus-3" data.

It is important to note that the latitude dependence of cloud albedo obtained in
many studies [5, 11] according to our computations is manifested in latitudes
above 45° where the experimental frequencies n{M increase sharply.

Results. The mean monthly estimates of the quantity of clouds, according to NOAA
data, averaged for zones with a width of 2.5° in the zone 45°N-45°S, are repre-
sented in Table 2. Tables 3 and 4 give these same estimates separately for the
sea; Table 3 applies to NOAA data, whereas Table 4 applies to the experiment with
the "Nimbus-3." In all the tables the quantity of clouds is represented in hun-
dredths of total sky coverage, that is, 61 should be read as 0.61.

Figure 2 represents the annual mean zonal estimates of the quantity of clouds ac-
cording to different studies. Here the curves 1, 3 and 4 represent cloud cover

over the sea and 2, 5, 6 reflect the total mean zonal estimates. In this figure the
values 6 give cloud cover estimates made on the basis of surface observations.

An analysis of the frequencies nO/M where np is the number of cases, when agag,
indicates that for the sea nO/M<110 3. Most of the cases aag relate to land
squares with a high albedo. The maximum discrepancy is obtained for the mountain-
ous regions of Asia in the zone 30-40°N, where the albedo of the earth-atmosphere
system [8] is greater than that measured from satellites. Accordingly, it can be
anticipated that the estimates of the mean zonal quantity of clouds for 20-45°N
and 20-30°S are artificially reduced due to the high albedo ag for some part of
the land. Therefore, it is necessary to refine the albedo ag and divide the land
into a greater number of regions with a definite value of the above-mentioned
parameter. The necessity for such a refinement is also indicated by the fact that
according to [8] the ag variations between different squares can be considerable.
Bearing in mind the noted variations, it can be said that the determined frequenc-
ies ngM cannot be interpreted as evaluations of the probability of cloudless
weather in the course of a month.
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Mean Zonal Cloud Coverage Over World Ocean According to NOAA Data for

Table 3

Table 4

Data aj = 0.60

aj = 0.60
Zone opnm v v v v fvinfix | X |t {xu | Year
45—42,3° N 54 | 57 | 56 | 55 | 54 {57 | 571 49 | 48 [ 48 [ 51 {53 | 83
42,5—40 56 | 57 | 83 | 51 | 49 | 52 | 497 40 |39 [ 45 [ 51 {54 | 50
40—-37,5 36 | 54 | 51 | 47 | 45 |33 ) 40 33 |32 [43 |47 |52 | 44
37,5—35 52 150 148145 ) 42 1411 33] 30 |26 |38 |44 |48 | 42
35—32,5 46 1 43 141 [ 40 | 38 {36 | 30| 26 |.25 |30 |39 |45 | 37
32,5—30 431391393 {3833 28} 2 26 128 |35 139 | 4
30—27,5 3 ]34 313,32 ;27 {262 ,2 {24 ;30,331 30
27,5—25 34 132|132 (30] 292412627 |26 (2412731129
25—22,5 30 | 29} 28 | 27 | 24 [22 | 26| 29 | 26 |22 (23 {27 | 26
22,5—20 23 1 28 | 27 | 27 [ 23123 | 28| 34 |28 |24 ;23 {26 | 27
20—17,5 25 | 24 | 26 [ 24 121 |24 1 28] 34130 |25 122 |24 | 26
17,5—15 24124124 122121 123 [ 2732131 (27 |25]23 (25
15—12,5 25| 2 24 123123 |27 130 36 36|31 j28 {25 |28
12,5—10 27 | 25 ) 26 | 25| 29 {33 | 371 40 {42 (39 |35 {30 | 32
10—7,5 33 13 |30 (29|36 |40 43| 42 145 |45 144 {397] 38
7,5—5 38 137 137 | 36|41 |39 40 37 {37 {38 |30 |42 | 38
5—2,5 36 {40 1 37 | 34 | 30 |30 | 31129 |30 }32 ;30134 | 33
2,5—0 32 | 34133126 | 19|21 25| 25127 |28 ]27 |28 | 27
- 0—-25" S 32 132|134 126 |17 18] 24)23 126 |27 [34 126 | 27
2,5—5 34 1331352 | 18 |21 | 27|27 129 (31 {30 |28 {28
5—7,5 35134 131 |24 1924|3031 |31 (343430 { 3
7,5—10 37 133128 22 {26 | 30 31 [ 32736 j37 |33 | 3l
10—12,5 38 | 34 | 29 (23 |23 1251293031133 35131
12,5—15 38 | 3 | 291251252 | 29131 132 (3437 ]3] 3l
15—17,5 37 | 3412926 26 [26 | 28] 3232 (3437 }3 | 32
17,5—20 36 | 34 |29 (27 26|28 29| 31 |33 3536 (35| 32
20—22,5 36 | 3312912829 |30 ] 3133|343 |37 13533
22,5—25 35133130 }130 1313 32133 {137 {37 38 }3 | 33
25—-27,5 35 | 34 | 30| 3213232313 |40 (39|39 3|3
27,5—30 37 136 |3 34|35 {3 )|39|3 14242 |40 ]38} 38
30—32,5 40 | 40 | 37 1 38 [ 33 |33 | 42 43 |45 |45 |44 |41 | 4t
32,5—35 44 1 45 | 43 | 40 | 40 141 | 44| 44 | 47 147 [ 47 |45 | 44
35—37.5 47 | 49 | 48 | 45 | 44 45 | 47| 46 | 50 | 49 | 51 |49 | 48
37,5—40 52 1 53 | 55 | 49 | 47 |49 | 52} 49 {52 | 33 | 54 | 53 | 52
40—42,5 G5 | 30 | 96 | 52 | 50 |52 | 54| 52 | 53 |55 {57 | 56 | 54
- 42.5—45 60 (59 | 58 | 85 | 83 |55 | 58| 54 | 55 | 58 | 59 | 58 | 57
Mean Zonal Cloud Coverage Over World Ocean According to "Nimbus-3"
Zone 11 \% A% viI VIII X
30—20° N 23 24 24 21 22 18
20—10 15 19 22 28 27 23
10—0 24 31 28 26 26 22
0-10° g 21 20 20 21 25 22
10—20 23 21 19 24 2 23
20—30 23 23 27 24 25 27
=
A
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Fig. 2. Zonal distribution of mean annual cloud coverage according to different
studies. 1) mean according to NOAA data; 2) mean zonal according to NOAA data; 3)
mean according to [10]; 4) mean according to "Nimbus-3" data; 5) mean zonal accord-
ing to [l4, 15], 6) mean zonal according to [9].

Using formula (2) we can also estimate the variation A x of the quantity of clouds.
For the.sea albedo ag in this latitude zone is 0.08-0.12. Then

Ax=2Aa.

Since in different studies (Fig. 1) the variation Aa of mean zonal albedo attains
0.03, then Ax = 0.06. Interpreting this result as the width of the zone of uncer-
tainty of cloud coverage, we can say that our results for the most part coincide
with the M-F cloud cover estimates over the ocean. Accordingly, we note in conclu-
sion that the proposed method gives satisfactory climatic estimates of the quan-

- tity of clouds over a uniform underlying surface and regions with a relatively

low albedo.

This investigation is a continuation of the joint work with scientists of Colorado
State University at Fert Collins [4]. The authors express sincere appreciation to
Professor T. H. Vonder Haar and Professor S. K. Cox for numerous productive dis-
cussions.
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UDC 551.(507.362+526.6)

RESULTS OF CHECKING METHODS FOR DETERMINING WATER SURFACE TEMPERATURE FROM 'METEOR'
ARTIFICIAL EARTH SATELLITES

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 81 (manuscript received
22 October 80) pp 61-69

[Article by L. I. Koprova, candidate of physical and mathematical sciences, Ye. F.
Utkin and A. Ye. Bakhmatov, State Scientific Research Center for the Study of
Natural Resources]

[Text] Abstract: The authors tested two methods
for remote determination of water surface
temperature on the basis of measurements
of IR radiation in the spectral interval
8-12pm received from the "Meteor' artif-
icial satellite. In one of these methods
computations are made of the atmospheric
transfer function; the other is based on
writing of a regression equation. The ac-
curacy of the results of temperature de-
terminations is estimated under cloudless
conditions. Illustrative examples are giv-
en: maps of temperature of the water sur-
face constructed on the basis of satellite
data.

The remote determination of ocean surface temperature, which exerts an enormous

influence on the processes transpiring in the atmosphere, is a timely problem in

satellite meteorology {13, 17]. The "Meteor'" artificial earth satellite is used
" in making regular measurements in the IR spectral region A= 8-12pm and their
primary processing is carried out in an operational regime. As a result of the
primary processing it was possible to obtain data on the radiation temperature
t,. measured with a spatial resolution 8 x 8 km and the corresponding thermal radi-
ation of the earth-atmosphere system in this spectral range. This value differs
gubstantially (up to 15°C) from the water surface temperature tg, which must be
determined on the basis of satellite measurements. The accuracy in determining tg
is evaluated by comparing it with the temperature of the surface water layer tiay,
measured on shipboard by the standard method. The principal factors responsible
for the difference in the ty and tlay values, as follows from (7, 18, 19], are:
absorption of radiation by atmospheric gas components; absorption by aerosol;
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errors-in geographical tie-in of satellite data; difference between the tempera-
ture of the radiating surface of the water film measured from the artificial earth
satellite and the temperature of the surface water layer measured on shipboard;
errors in the registry of t, using a measurement system.

In this article we examine two methods for interpreting data for the existing make-
up of measurements from an artificial earth satellite of the "Meteor" system, mak-
ing it possible to obtain quantitative information on the temperature tg of the
water surface.

Determination of Water Surface Temperature Using the Atmospheric Transfer Function
Method

One of the methods for taking into account the influence of the atmosphere on meas-
urements is the atmospheric transfer function method. The transfer function has the
form [12]

A

-AX I d, ' .
5, A ('P) (l)

PA). = [ = B.u (o) .

(e 4B (e dr

5
1

where I is the intensity of thermal radiation at the wavelength A at the upper
boundary of the atmosphere, Bj is the Planck function, t 1s temperature, €a 1s the
emissivity of the underlying surface (£3& 1 for a water surface) , Ay 1s instrument
spectral response.

As indicated by (1), on the basis of the characteristic radiation I measured
from the satellite and the known value of the transfer function Pap it is possible,
using the instrument calibration dependence Bp,(t) , to determine the temperature

t-

The transfer function, dependent on both absorption and radiation characteristics
of the atmosphere (vertical distributions of temperature, principal absorbing com-
ponents and their spectral properties) at the measurement time, is usually unknown.
However, according to [1-4], it is possible to determine tg with an accuracy ac-
ceptable for some practical problems if use is made of values of the atmospheric
transfer function computed on the basis of climatic data on meteorological para-
meters.

With the above considerations taken into account, the transfer function from (@D)
was computed using the radiation transfer equation [8] on the basis of the radia-
tion model and climatic data. The radiation model was selected after carrying out
a number of methodological computations and evaluations. We will give a brief de-
scription of the mentioned computations and the results obtained.

As an atmospheric model, in the computations we used global climatic data on the
vertical profiles of meteorological elements (temperature, geopotential, specific
humidity, ozone) for the four central months of seasons of the year [9, 11] pres-
ent in the electronic computer machine catalogue. We took into account only absorp-
tion by gas components (water vapor H20 and ozone 03). Allowance was not introduc-
ced for absorption by aerosol since at present there are no reliable data on aero-
sol absorption.
48
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Table 1

Latitude Variation of Transmission Function T43(W, m — Total Moisture Content and

Ozone Content, cm) . 1) Computations by Leningrad State University Employing Method

in [22, 24], 2) Computations by State Scientific Research Center for Study of Nat-

ural Resources Using Data in [14], 3) Computations by State Center Employing the
Coefficients in [5]

¢° w m
1 2 | 3

60 0.9 0,314 0,802 0,788 0,835
45 1,3 0,310 0,770 0,753 0,797
30 1,3 0.258 0,783 0,772 0,809

0 47 0,226 0,584 0,512 0,561
—30 3,3 0,245 0,611 0,603 0,644
—45 1.9 0.279 0,719 0,709 0,748
—60 Il 0,234 0,794 0,790 0,829

In the computations an evaluation was made of the influence of different factors

on the atmospheric transfer function, such as the spectral characteristics of the
satellite instrument and absorption by the atmospheric gases H20 and O3, the con-
tent of the absorbing components Hp0 and O3 and their variability relative to the
climatic values. The data cited below relate to a series of computatioms with the
use of climatic data on the meteorological parameters along fixed meridional sec-
tions for the Atlantic and Pacific Oceans.

The atmospheric transmission function f,, was computed by three methods using the
very same climatic data (Table 1).

The first method was precise quantum-mechanical computations made at Leningrad
State University by Yu. M. Timofeyev, employing the methods and data in [22, 24].
Computations by the second and third methods were made in this study. In the sec-
ond method use was made of logarithmic (for Hy0) and generalized (for 03) absorp-
tion coefficients, averaged taking into account the structure of the absorption
bands, obtained by the processing of experimental data (14]. In the third method
use was made of the Hy0 and 05 absorption coefficients averaged for the interval
A}ﬁ=8—12PLm [S]. The data in Table 1 show that the results of computations by the
method in [l4] are closest to preclse computations. The maximum Taa differences,
observed in equatorial regions with a high humidity, lead to differences of about
0.3°C in determining water surface temperature tg. Accordingly, as the radiation
model we thereafter employed the simplest second methcd for computing fA).

The standard instrumentation aboard artificial earth satellites of the "Meteor"

system contains two duplicating instruments for measuring IR radiation which are
interexchangeable in the process of flight of an artificial earth satellite. The
spectral responses of these instruments A\ are somewhat different. Computations
of Py» , made without allowance for the spectral response (A = 1) and with al-
lowance for different A, (for three satellites of the "Meteor" system), indicated
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that failure to take A) into account can lead to errors in determining tg as
great as 1°C. Accordingly, for each instrument operating on the artificial earth
satellite it is desirable to take into account the influence of A;k on the transfer
function.

- Fig. 1. Dependence of the atmospheric transfer function P43 on moisture content W.
1) computations on the basis of climatic data on meteorological parameters along
meridional sections 30 and 170°E (curve a -- averaged data) and using data from
[2] (curve b); 2) computations using radiosonde data over the surfaces of the White
and Baltic Seas and the Indian Ocean; 3) computations on the basis of data from the
"Meteor-2" — No 2" artificial earth satellite and on the basis of shipboard data in
northern part of Indian Ocean obtained during the "Musson-77" period.

The Pyp transfer function is dependent on the total atmospheric moisture content W.
This dependence, computed on the basis of climatic data in this study and in [2],
is illustrated in Fig. 1 (curves a and b respectively). This same figure shows the
Pa) values of two types which were computed on the basis of synchronous data for
different types of observations of the actual state of the atmosphere: according
to radiosonde data, according to data from observations of ozone content (2) and
according to data from satellite and shipboard measurements of temperature (3).
The first type of transfer function, obtained on the basis of experimental data,
was computed by the method described above. The second type of transfer function
was computed using formula (1), in which tr is the radiation temperature measured
on the "Meteor-2 - No 2" artificial earth satellite, and tg = tlay 1s the tempera-
ture of the ocean surface measured on shipboard. A comparison of the Ppay values
computed and determined on the basis of independent experimental data demonstrated
that the experimental Paj values were close to the a curve. The latter is evidence
in support of the selected model for computing the transfer function.

The atmospheric transfer function is also dependent on the ozone content. In some
studies, such as [5], it is asserted that the transformation of radiation in the
spectral range 8-17 j4m 1is determined primarily by the absorption of water vapor
and ozone absorption must be taken into account in the case of low moisture content
values. We will evaluate the influence of ozone on the atmospheric transfer func-
tion. We will represent the water surface temperature determined on the basis of
satellite measurements in the form
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t0=tp+A t. (2)
At = A{H‘-‘o—:AtOS, (3)

where AtH 0’ Ato3 are temperature corrections taking into account the influence
of the atmbsphere on measurements and dependent on the transfer function. They can
be computed on the basis of climatic or real data on meteorological parameters
using the radiation transfer equation. Such computztions, carried out by the
authors of this article, indicated that despite the conclusions drawn in [5],
ozone exerts an influence on the transfer function at all latitudes and in both
the warm and cold half-years. The relationship of the corrections AtHzo and

Ato3 can be different: depending on the latitude zone, one or another correction
prevails, or they are comparable in absolute value.

Evaluations of the error in determining tg as a result of failure to take into ac-
count variations in meteorological parameters relative to their climatic values
were made on the basis of data from 40 radiosondes, obtained for different ocean
areas during summer -- in the White and Baltic Seas and the Indian Ocean. This
error was 1.1°C.

Model computations made it possible to develop a machine catalogue of the global

distribution cf climatic values of the transfer function in the atmosphere. The

3 catalogue of Ppjp values, registered on a "YeS-1022" magnetic tape, is used as

’ a priori information in determining water surface temperature on the basis of
measurements from the "Meteor" artificial earth satellite.

Determination of Water Surface Temperature Using the Regression Method

In a number of studies [6, 20, 21, 23, 25] water surface temperature was determin-
ed using the statistical relationships between satellite measurements (intensity
of outgoing radiation or radiation temperature ty) and the parameters of the un-
derlying surface (its temperature or radiation) or between the correction taking
into account the influence of the atmosphere and atmospheric moisture content. In
order to find the regression coefficients in the correlation equations it is neces-
sary to have a large sample of synchronous values of the initial parameters. The
regression coefficients can be determined on the basis of real satellite and sur-
face data, but such an approach requires that a special subsatellite experiment

be carried out on a global scale, which is difficult to accomplish. For this rea-
son the regression equations used in [6, 20, 21, 23, 25] were obtained by model
computations.

In this study we derived regression equations in the form

[p=r] f, = Xa‘t;'. )
izo "

In computing a; we used models of the atmosphere with climatic data on the ver-
tical profiles of meteorological parameters [9-11]. From the entire mass of cli-
matic data for the surface of the world ocean we selected only those which applied
to a cloudless situation. This choice was made using the following test: in a
cloudless situation the dew point spread tgq at all isobaric levels exceeded the
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critical ty values [15]. The t, values were computed using the radiation transfer
equation on the basis of the already described radiation model. Table 2 gives the
ay coefficients computed for N cases relating to the entire ocear area in the tem-
perate and tropical latitudes. The values of the residual dispersions of these
equations with standard deviations ty of about 7°C were 0.7-2.3°C.

Fig. 2. Dependence of water surface temperature t on radiation temperature tp.

la ;
The dots represent data from simultaneous measurements on ships and IR measure-

ments from the "Meteor-2 - No 2" and 'Meteor-2 - No 4" artificial earth satel-
lites; 1, 2) approximation of real data using regression equations for entire
ocean area (N = 224) and for Baltic Sea (N = 110); 3, 4) approximation of climatic
data for temperate and tropical latitudes (N = 500).

Regression equations of the form (4) were also derived on the basis of a sampling
of real measurements. The sampling included measurements of the try value from
the "Meteor" artificial earth satellite during the summer from 1977 through 1979
and measurements of the water surface temperature tlay on shipboard and at shore
stations in the regions of the White, Baltic, Black and Caspian Seas and the In-
dian and Pacific Oceans. Satellite and surface data differed in time by not more
than three hours and in space by #30 km; the total number of pairs N is 244 (Fig.
2, dots). On the basis of this sample we computed the aj coefficients in equation
(4) for the entire ocean area and on the basis of the part of this sample relat-
ing to the Baltic Sea (N = 110) we computed the ay coefficients for the middle
latitudes (Table 2). The residual dispersions of:the regression equations were
2°C and 1.2°C respectively. Figure 1 and Table 2 show that regression equations in
the form (4), obtained on the basis of climatic and real data, give results dif-
fering by less than 1°C.

Another method for determining temperature tg is based on the existence of a stable
statistical correlation between the temperature correction for the atmospheric in-

fluence At and total atmospheric moisture content W in the temperate and tropical
latitudes:
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At= La, W,
i=0 ! s (5)

where aj are the regression coefficients. The toy value is found using formula

(2). .
Table 2

Coefficients a; of Regression Equatlons and Evaluation of Accuracy in
Determining Water Surface Temperature ty by the Transfer Function Method (1) and
Regression Method (2)

: ) 1 B o / 2
Region T N n
‘ ar | a | —da. | a, | 4 | —a. AClf% [A°Clf%
i
Using climatic data
All ocean area | 4 |7.5'.02/0.008 5,2]1,170,00411€00{2,5] 98 |2,1] 98 | 244
i i 2.?!!.!510,0‘21: 1000 2,0 40
Middle latitudes ' 4 [3,41,050,006 S,86{1,1910.002( 500{1,8{99 [1.5] 96 165
- Tropics ) 9,2{!‘0?.0,008 3,901,1710,004! 70013,1196 |2,6197( 79
y Using measurement data .
Baltic Sea 410 611.050,006 11011,9] 96 |2,2]112| 35
All ocean area 4 16.311.070,004 | 24411,91 9 {1,9] 3] 35
b5 1450008004 0 10

KEY:
A) Number of equation
B) "Meteor-2--No 2"
C) "Meteor-2--No 4"

An equation of type (5) was used in an interpretation of measurements from the
NOAA operational satellite in the United States [19]. Data on W synchronous with

- ty values can in principle b found by means of model computations or by employ-
ing satellite measurements~in the IRor in the SHF ranges of the spectrum (from
which W is determined) ot use is made of radiosonde data (which are usually ab-

- sent for the seas apd oceans). In this study, on the basis of a sufficiently great
sample of clima;"/data (N = 1000), relating to a cloudless situation and four sea-
sons of the vsdr, we computed the t, values and the corresponding values At and
W. The a; Zoefficients are given in Table 2.

The same regression equation was derived by computing the t, and W parameters us-
ing data from 40 radiosondes in the regions of the White and Baltic Seas and the
tndian Ocean (Table 2). The residual dispersions of the determined regression

. equations according to climatic and real data were close and do not exceed 1°C.

Evaluation of Accuracy in Determining Water Surface Temperature

The evaluation of the accuracy of the proposed methods for remote determinaticn

of t was made on the basis of synchronous satellite and subsatellite measure-
ments relating to different ocean areas (see Figure 1, dots). The results of the

- evaluations are given in the right-hand side of Table 2.
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As a measure of accuracy in determining ty using different interpretation methods
we used the parameter :

- , A (6)

1/- _i 32

where 5= tlay - tg, n is the volume of the sample.

Fig. 3. Examples of maps of water surface temperature according to data from ar-
tificial earth satellites "Meteor-2 - No 2" (a) and "Meteor-2 - No 4" (b). In
circles —— water temperature according to data from standard observations on

- ships and at shore stations.

The effectiveness of the interpretation method employed can be determined using

the parameter
n

fo—t ) '
f=4 X, . )

1e— 1,

i=1

which indicates what fraction (in %) of the true difference tlay ~ t, can be taken
into account with the employed method for determining tg,. Values f> 100% mean that
the determined temperature tg is exaggerated in comparison with the true value.

A comparison of the A values for tg, determined using the climatic transfer func-
tion and regression equations of type (4) and (5), obtained on the basis of cli~

matic data, indicated that the employed methods give close results. For example,

for the regions of the temperate latitudes an accuracy of 1.5-1.8°C is attained,

in the tropics -- about 2.6°C, for the entire ocean —- 2.0°C. The f value varies

in the range 96-99%. The t; values were determined with the same error using
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regression equations derived using real data (see Table 2).

The regression equations (4), (5) were derived on the basis of a limited sample
of real data and require additional checking.

The regression method makes it possible to assimilate cm or SHF data on the mois-
ture content W in the interpretation of IR measurements. However, if together
with W there are simultaneous dataz from thermal sounding from a satellite it is
desirable to use the first method and compute the transfer function on the basis
of data on the actual state of the atmosphere.

The transfer function method was introduced into the routine practice of process-
ing and interpretation of IR measurements (in the first stage in a climatic vari-
ant), as a result of which quantitative information is obtained on t(, the accur-
acy of which is constantly checked. For example, according to data from 12 revolu-
tions of the "Meteor-2 No 6" artificial earth satellite over the Pacific and At-
lantic Oceans during the period 19-21 September 1980 relating to the latitude
zone +40° and synchronous shipboard data (a sample of 100 cases) the accuracy in
determining temperature was about 1°C. A further improvement in the technical
means and methods of interpretation will increase the quality and reliability of
satellite information.

Examples of satellite maps of water surface temperature for the northern ocean area
and the tropics, constructed as a result of interpretation of data from IR measure-
ments from the "Meteor" artificial earth satellite with the use of the atmospheric
climatic transfer function, are given in Fig. 3. In order to construct such maps
we carried out a joint analysis of data from IR measurements (radiation tempera-
ture maps) and TV photographs, as a result of which it was possible to discrimin-
ate cloudy and cloudless sectors on the t, maps, on which the numerical values
apply to an area of about 20 x 20 km. For the purpose, to some degree, of exclud-
ing the influence of measuring system noise and partial cloud cover on the meas-
urements (without smoothing mnonuniformities of some hundreds of kilometers), we
carried out averaging of radiation temperatures for areas of 40 x 40 km (for the
Baltic Sea) and 60 x 60 km (for the tropics). It should be noted that the problem
of averaging the t,. field is a special problem and is not considered in this ar-
ticle. After the mentioned averaging we introduced to the t, values a correction
by means of the transfer function and then drew isolines of the restored field

tn. On the tg map we plotted data on water temperature obtained by standard meth-
ogs at observation times dif fering by not more than three hours from satellite ob-
servations.

A map of the surface temperature of the Baltic Sea, constructed by this method on
the basis of data from IR measurements from the artificial earth satellite
"Meteor-2--No 2" on 2 June 1978 at 0832 hours is shown as Fig. 3a. The temperature
field of the Baltic Sea is characterized by a considerable variability. Thermal
inhomogeneities with clearly expressed reglons of heat and cold, which are charac-
teristic for the Baltic Sea during the considered period, are defined. Data on
standard water temperature measurements are available only for coastal stations.
Their comparison with the restored temperatures indicates that the sea tempera-
ture, according to data from contact and remote measurement methods, is in good
agreement. The range of temperature variability over the area of the Baltic Sea,
constituting 8-15°C for the two types of measurements, also coincides.
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Figure 3b is a satellite map of the surface temperature of the Indian Ocean con-
structed for the period of implementation of ""MONEKS-79" on 27 April 1979 at 1251
hours. The thermal inhomogeneities on this map are oriented from southwest to
northeast, which corresponds to the directions of the currents in this region.
The examined area of the Indian Ocean (1500 x 800 km) is virtually not covered by
meteorological data. The only ocean temperature value close in time to the meas-
urement was at a point with the coordinates 4.5°S and 4 2°E, measured on a ship;

it was 1°C higher than the temperature of the ocean surface reconstructed on the
basis of satellite data.

Satellite maps give virtually instantaneous detailed information on the structure
of the water surface temperature field having distinguishing characteristics in
each ocean area. The cited examples graphically illustrate the possibilities of
satellite methods for investigating water surface temperature.

A further improvement in methods for the processing and interpretation of satel-
lite measurements will make it possible to obtain more precise and reliable data
on the global distribution of water surface temperature.

The authors express appreciation to I. A. Chetverikov and A. B. Uspenskiy for val-
uable comments on implementation of the study and M. S. Lyubanskiy for assistance

in the work.
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UDC 551.465.7

COMPARATIVE ANALYSIS OF METHODS FOR CALCULATING TURBULENT HEAT AND MOISTURE
FLOWS FROM THE OCEAN TO THE ATMOSPHERE

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 81 (manuscript received
13 Jan 81) pp 70-76

[Article by N. R. Nuriakhmetova, USSR Hydrometeorological Scientific Research
Center]

[Text] Abstract: The article gives the results of
a cross-comparison of the heat and moisture
flows obtained using different parameteriz-
ations. Because of the peculiarities in the
mechanism of interaction between the ocean
and the atmosphere, and specifically the pres-
ence of a surface "film," evaporation and
heat transfer with the spray, the analysis
is made separately for cases of low and high
wind velocities. It is shown that the surface
"film" is one of the reasons for the disagree-
ment between the results of computatioms by
indirect methods and methods based on direct
measurements of turbulent flows. Recommenda-
tions are given concerning the applicability
of some methods. Conclusions are drawn con-
cerning the consistency of different parameter-
- izations.

Vertical turbulent flows of heat and moisture are important quantitative character-—
istics of interaction between the ocean and the atmosphere. A knowledge of these
parameters is necessary for solving a wide range of problems in meteorology and
oceanology. They can be determined either by direct fluctuation measurements or by
indirect computations.

The indirect computation method is based on the following premise. It 1s assumed
that the principal mechanism determining the vertical distribution of properties
from the underlying surface to a height of several tens of meters above it is tur-
bulent exchange. Therefore the turbulent flows are related to the vertical gradient
of the transferred property and the coefficient of turbulent exchange and are de-
scribed by the equation
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F}::-—ka-%%.

Here F, is the flow of the property a, da/dz is the vertical gradient of the prop~
erty, k, is the coefficient of turbulent exchange. However, over the sea the tem-
perature and humidity gradients are very small. Correct gradient observations can
be made only by the use of special buoys. On the basis of shipboard hydrometeoro-
logical measurements it is possible to obtain information on the wind velocity at
a fixed level and the temperature and humidity differentials between the water
surface and a fixed level in the air. Accordingly, the following formulas are the
basis for all the used methods:

- 1
H=pc,cn Vi (H— 1), :2;
‘ E=pee V(g0 — 1)
F=pepV2 ‘ 3

where cy is the heat exchange coefficient; Cg is for the moisture exchange; cp

is the drag coefficient; O is air density; V, is wind velocity at the level z; tg,
t, is water temperature at the ocean surface and air temperature at the level z;
Qs 9, is the saturating specific humidity of the air at the temperature of the
water surface and air specific humidity at the level z; p is the specific heat
capacity of air at a constant pressure; H is the heat flow; E is the moisture

flow; F is the momentum flux.

As is well known, the exchange coefficients are not constant parameters. Accord-
ingly, the question arises of the methods for their parameterization through the
measured parameters. Specifically these procedures distinguish one method for com-
puting the flows from another. In our analysis we selected the Arakawa [6] and
Louis [9] parameterizations, used in models of general circulation of the atmo-
sphere, and also the method proposed by R. S. Bortkovskiy, et al. [1], which

takes into account the humidity stratification of the near-water layer and heat
and moisture transfer with the spray during storms. In order to parameterize

such parameters as dynamic velocity and roughness level we used the results of
the investigations of Garrat [8] and §. A. Kitaygorodskiy [4].

Until very recently there were only a few cases of direct measurements of atmo-

- spheric flows. However, despite the complexity and limits of application of this
method, recently a definite quantity of data has been accumulated on the fluctua-
tion measurements of flows. The authors of [7] proposed a parameterization based
on these data which was used for computations of the heat and moisture flows in
this study.

We would like to note that a need arose for this investigation despite the exis-
tence of such studies on the comparison of methods for determining turbulent
flows. This is attributable to the appearance of new methods, both based on re-

cent experimental data and those used successfully in models of general circula-
tion of the atmosphere.
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Review of Employed Parameterizations of Processes of Interaction Between the
Atmosphere and the Ocean

We will begin the review with the Friehe and Schmitt parameterization [7]. On the
basis of direct fluctuation measurements the turbulent flows of heat and moisture
can be computed using the iormulas

H=rnc,w'9", (%)

2
E=%7q". . (5)

Here w' Q' is the mean covariation of vertical velocity and temperature, w'q' 1s
the mean covariation of vertical velocity and water vapor denmsity, O?' are tem-
perature fluctuations, q' are water vapor density fluctuationms, w' are fluctua-
tions of vertical wind velocity.

The authors of [7] systematized the data available in the literature on direct
measurements of the vertical turbulent flows of heat and moisture in the near-
water layer of the atmosphere over the ocean available in the literature. Using
the least squares method the data were represented in the form of the following
dependences for different stratification conditions:

with 0= _Vz(Tct -T)< 25
w8 = 0,009 + 0,97 . 10-3"‘/: (Tcr_ Tx), s = 9,2 . 10—‘1;

(6)
[Here and in the text which follows the subscript "CT" denotes stratification.]
with V(Te— T > 2 . )
TE = 1,46107 V(T — T.), 0= 14,8-1075¢
V(Ta—T,)<0 ,
with _,_’( :) o (8)
w9 =0,0026 +0,86. 103V, (T, — T,), ¢=32-10"%
T =132.100 V, (Qu—Q)), s=64-10- ®)

Here Tgr is water temperature at a depth of approximately 1 m from the sea sur-
face (K), T, is the potential temperature of air at the level z (K), Q is water
vapor density at the level z, Qg 1is the saturating density of water vapor at the
temperature Tpp, O is the standard deviation of the approximation of the measur-
ed values.

Formula (6) was derived on the basis of 75 measurements, (7) -~ 14, (8) -~ 41.
The recommended interval for the use of these formulas is 20<V2(TCT - Tz)< 160.
With respect to the applicability of formula (9) in computing the moisture flows,
- the authors of [7] indicate an absence of data from measurements for high wind
velocities. We will note a peculilarity of this parameterization. With a zero dif-

ference between the water and air temperatures the heat flow 1s not equal to zero
but has small positive values.
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In a model of circulation of the atmosphere [6] Arakawa uses the well-known para-
meterization of Deacon and Webb [3] for computing the drag coefficient under
neutral conditions (tp - t, = At =0)

cp= (14007 V) - 10-2. - (10)
For computing the exchange coefficients the author proposes the following for-
mulas:
LS
with M>0 ch=ce=co|! ] T) (11)
.
with At<O cen=Ce=¢Cp _ A (12)
. - - V‘;

Garrat in his review of studies published during the last ten years, whose purpose
was to find the values of the drag coefficient, proposes a refinement of formula
(10) .

- €= (075 +0,06717) .10 13)
We will now examine the parameterization proposed by Louis. The author of [9],

like Arakawa, proposes analytical formulas for describing the dependence of the
exchange coefficient on the measured parameters in the following form:

I _7.=aT=0 cp=2[{n2),
B with fo— le= 20 =5 Co= 0 1w )0 (14)
AT
AT >0 = el 1+ S N
with >0 == o 150 l/L ‘/_312 s)
D 3 Ve
i 64ATY)2
with AT <0 ‘H:‘E:‘nm[{w - ] (16).

With values of the Richardson number above the critical level the flows are assum-
ed equal to zero, that is

— 82020212 H=0 E=0,

with TV a7

where g 1s the acceleration of free falling, T = 300 K.

A new parameter appears in formulas (14)-(16): the roughness level zj. In {91}
there are no recommendations concerning the choice of its value. Accordingly, in
this study we used the well-known Charnok formula :

2,

A 18)

us
.

Here o is a constant whose values are different in the publications of different
authors. In this study we used the values &« =0,035 [4] and o( = 0.0144 [8]. How-
ever, in formula (18) there is still another unknown parameter -- dynamic velo-
city. Garrat [8] proposes the following parameterization for its computation:
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= 0.623 Y=,
u, = 0,023 V! (19

We will examine the following method for computing the flows. In source [1] the
authors propose nomograms expressing the dependence of the exchange coefficients
on wind velocity V, and the so-called effective temperature differential

AT® =t,—t, + 0,108 (€, - &,),

where E. is saturation elasticity at the water temperature, e, is water vapor
elasticgty.

The introduction of the effective temperature differentials ensures allowance

for humidity stratification. The expressions on the basis of which the nomograms
were constructed were derived from a theoretical model of the atmospheric boun-
dary layer generalized for different stratification conditions. These nomograms

- are applicable for wind velocities up 1o 14 m/sec. The authors indicate a quali-
tatively different mechanism of exchange between the ocean and the atmosphere for
high wind velocities, and specifically the existence of heat transfer and evapora-
tion with a spray. Due to the small number of experimental investigations provid-
ing data for high wind velocities a table is given with the approximate values

of the exchange coefficients as a function of wind velocity. The authors also
deem it possible to neglect the influence of stratification under storm condi-
tions.

There is still another circumstance which governs the separation of situations
with low and high wind velocities on the basis of exchange mechanism: the exis-
tence of a surface "film" on the water. The authors of [2] by the term "f1lm"
mean some surface water layer for which the quantities of absorbed solar radia-
tion, changes in heat content and advective heat influxes are small in comparison
with the total heat flow through this layer. This leads to the formation of a
layer of great water temperature gradients. It follows from [10] that the temper-
ature gradient in the "film" is directed in such a way that it favors a decrease
in the total water-air temperature differential.

Comparative Analysis of Results of Computations of Heat and Moisture Flows

In this article we used a two-month sample (January and November 1975) of on-ship
hydrometeorological data, which constituted 1,306 points for the ocean area of
the northern part of the Atlantic Ocean. Before proceeding to a comparative an-
alysis of the results of computations by all the above-ment ioned methods, we will
examine the significance of the Garrat corrections [8]. A comparison of the re-
sults of computations by the Louils method with different o¢ values in formula (18)
indicates a systematic exaggeration of the values of the exchange coefficilents
with & = 0.035 by 16-25%. The use of (13) instead of (10) in the computations by
the Arakawa method gives lesser values of the exchange coefficients by 18-25%.
Thereafter computations were made in agreement with the Garrat recommendat ions.

Graphs were constructed for an analysis of the sensitivity of the methods to a
change of various exchange conditions. The Arakawa method was most sensitive to
changes in wind velocity. However, in the case of velocities greater than 22.5 m/
sec allowance for heat transfer and evaporation with spray leads to the largest
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exchange coefficients by the method described in [1]. The Arakawa method reacts

to changes in temperature stratification most strongly in the case of instability,
- whereas the Louis method reacts most strongly in the case of stability. The humid-

ity stratification, as pointed out above, exerts an influence on the value of the

exchange coefficient when using the method described in [1].
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Fig. 1. Flows of apparent heat (W/mz), computed using the methods developed by R. S.
Bortkovskiy, et al. (a), Friehe and Schmitt (b), Arakawa (c) and Louis (d). U 1s
the wind velocity at the level 10 m, AT is the water-air temperature differen-
tial.

In accordance with what has been set forth above, the analysis of the results of
the computations was carried out separately for cases with low wind velocities and
separately for storms.

A comparative analysis [5] of the results of direct measurement of turbulent flows
and the results of indirect computations revealed that the computed data are higher
on the average by 25%. The use of the Friehe and Schmitt method, based on the re-
sults of direct measurement of flows, confirms such a relationship (see Fig. 1). In
this article an attempt was made to attribute this discrepancy to the presence of
a surface "film." ‘

In all methods, other than [7], it is necessary to know the temperature of the ocean
surface. However, in actual practice use 1s made of data on water temperature deep-
er than the surface. It was stated above that the 'film" favors a decrease in the
water-air temperature differential, that is, a decrease in the flows of heat and
moisture. If it was possible to compute the value of the correction for the "film"
on the basis of the measured parameters, for example, on the basis of atmospheric
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stratification and the wind, its introduction could lead to a better consistency
between the results of direct measurements and computations on the basis of theor-
atleal methods. Due to the Impossibility of taking into account the Influence of
stratification on the value of the gradient in the "f1lm," in this study we used

a dependence derived by G. N. Panin in {10] (Fig. 2). The scatter of points is at-
tributable to faillure to take stratification into account.

,};AT,‘,,I'C
, 7 . CT = stratification’
-~ o &
c N T T
ok S0 PR T 5
3 x ~ 32 1)9 3 ;P
~ :: 2 < - x> a
B/~ 2
o 5 ~ 3
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B E] E,.” 5 g \j‘ni Rl
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T

m/sec

3

Fig. 2. Dependence of difference Tyg — Twgy oOR wind velocity at height 10 m. TWO
-— temperature of water surface; Tygp —— water temperature below sea surface, Ujg
-- wind velocity at level 10 m.

) H W/m? Hon'l

pesz)

Fig. 3. Flows of apparent heat computed by Arakawa method (1), Arakawa method with
allowance for correction for "film" (2), Friehe and Schmitt (3). H -- flow of ap-
parent heat, Ujg -- wind velocity at level 10 m, AT water-air temperature dif-
ferential.

The results of computations by the Arakawa method with use of the correction for
the "film" are cited in Fig. 3. It follows from the figure that the allowance

for the influence of the "film" leads to some decrease in the difference between
these two methods. However, computation of the correction only as a function of
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wind velocity does not lead to a satisfactory consistency of methods in the case
of great water-air temperature differentials. It is necessary to ascertain the
dependence of the water temperature gradient in the "f11m" on stratification of
the near-water layer, the use of which with the introduction of a correction
could give a satisfactory result.

With respect to cases of storm wind velocities, Fig. 1 shows an appreciable dis-
crepancy of the results of computations based on the different methods. The Friehe-
Schmitt method gives low values for the flows of apparent and latent heat and the
magnitude of the discrepancy is comparable with the flows themselves. It was stat-
ed above that for storms there is no great number of cases of direct measurement
of the flows and therefore the parameterization [7] is based on a limited volume of
- data and the standard deviation of the approximation from the real values is rather
great. A comparison of the results of computations by the three remaining methods
reveals a consistency of the methods within the limits of accuracy indicated in
[1], except for the region of a wind of hurricane force (V,>25 m/sec). In the lat-
ter there is discrimination of very high values of turbulent flows computed by
the method in [1]. However, it is necessary to take into account the approximate
character of the exchange coefficient values for velocities greater than 14 m/ sec
- and a relatively low frequency of recurrence of velocities greater than 25 m/sec.

Conclusions

1. In the region of low wind velocities the minimum values of the turbulent flows
- uf "heat and moisture are given by the Friehe and Schmitt method, based on the re-
sults of direct measurement of the flows.

2. The assumption of an influence of the surface temperature "film" and the intro-
duction of a corresponding correction leads to some improvement in the consistency
- of the methods. '

3. In the region of great wind velocities the Friehe and Schmitt parameterization
is doubtful because it is based on the results of only 14 measurements, which give
a great scatter.

4. For wind velocities from 14 to 25 m/sec the parameterizations [1, 6, 9] agree
within the limits of 30% accuracy with an unstable stratification, and in the
case of a stable stratification -- within the limits of a 40% accuracy.
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UDC 551.465.(152+53) (261.2)
NUMERICAL EXPERIMENTS USING A MODEL OF THE OCEAN'S UPPER LAYER

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 81 (manuscript received
8 Jul 80) pp 77-85

[Article by G. Friedrich, doctor, V. P. Kochergin, professor, V. I. Klimok, A. V.
Protasov and V. A. Sukhorukov, candidates of physical and mathematical sciences
Institute of Oceanography, Hamburg University, and Computation Center, Siberian
Department, USSR Academy of Sciences]

[Text] Abstract: The article presents meteorological
and oceanological data from measurements made
in the FLEX experiment. On the basis of a mathe-
matical model of the upper layer of the ocean
with the use of FLEX data in the boundary con-
ditions it was possible to carry out numerical
computations for reconstruction of hydrodynamic
characteristics of the sea. The results of the
computations are compared with the experimental
data. The sensitivity of solution of the problem
to the model parameters 1s evaluated.

Measurement Data From FLEX

During 1978 West German oceanographers carried out measurements under the program
of the FLEX experiment in a polygon in the North Sea. The authors had at their dis-
posal the following filtered data obtained during the period 6 April-13 June with
a discreteness of 4 hours: wind velocity components u, and v,, near-water pressure
P, air temperature T, and wet-bulb thermometer Ty, total flux of short-wave radia-
tion Fy, flux of outgoing long-wave radiation Fp and temperature of the sea sur-
face Tg. Meteorological measurements were made at a standard horizon. Figure 1
represents these data by days corresponding to measurements at midday. A peculiar-
ity of this perdod is the heating of the upper layer of the sea and the near-water
layer of the atmosphere.

The measurements were made from the scientific research ships "Meteor" and “Anton
Dorn,'" which operated alternately. On individual days the measurements were made
outside the polygon: 5-7 May and 5-8 June -- the "Meteor' operated approximately
100 km and on 12-14 May the "Anton Dorn" operated 80 km.

We carried out a series of numerical experiments in which the FLEX data were intro-
duced into the boundary conditions of the problem. The parameters of wind frictional
stress at the sea surface ’fx,’5§ were computed for the two wind velocity compon-
ents:
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The fluxes of apparent Fy and latent heat of evaporation FE at the sea surface can
be computed on the basis of the BULK method:

FH(T:)ZPaCD'E;:\Cp(Ts_Ta)x ' (2)

Fo(T) =2, ColTal L10.(T) = @l 3

Here /oa is air density; c_ is the specific heat capacity of air; L is the latent
heat of evaporation; qs(ng is the specific humidity of saturated air at the tem~
perature of the sea surface Tg; q, is specific humidity; Cp, Cp are the drag coef-
ficient and the heat exchange coefficient.

The specific humidity qg (Tg) is determined on the basis of the equation of state

1
of an ideal gas and Dalton's law 0.622¢,

9:(T) = p—G 378 e5 “

Here e is the partial pressure of saturated water vapor. The pressure eg, accord-
ing to the Clausius-Clapeyron equation with a constant mean latent heat of evapor-
ation L, is approximately determined as follows:

; = T,
¢, (T.)=e(T,) exp [-f?— (r% - T‘)} = 6,108 exp {19,80(1 - Tﬁ)} (5)
Here Tg = 273.16 K, R, is the gas constant for water vapor, Tg is temperature in

Kelvin.

Formula (5) gives the e, value in millibars, differing by less than 2% from the pre-
cise values at a temperature below 30°C [2]. Formula (5) does not take into account
the salinity of sea water, which exaggerates the pressure value egq by 2% [2].

The specific humidity q, was determined through the temperatuce of the wet-bulb
thermometer T,

_ L
T, = T,,—Z(SS—-S), (6)

where Sg, S are the mixture ratios for air saturated and unsaturated with vapor re-
spectively. According to definition of the S value, it is the ratio of vapor denmsity
to the density of dry air and the equation of state of an ideal gas

S = 0,622, (T,)

P Ty )]

By definition, the mixture ratio is related to specific humidity by the expression

90 = TT§ (8)
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Fig. 1. FLEX data.

From expressions (6), (7) we obtain

. 3 0.622 ¢, (Tp)
- -sz(Tw“'Tu)%J"_P_:e__:TTTJ_‘ 9)
Substituting the S value from expression (9) into formula (8), we find the specific

humidity q,. In computations of the flux of latent heat using formula (3) the L(T)
value was determined using the expression [2]

L(T)=5973—0,56(T—To) cal/g. (10)

In numerical experiments the flux of latent heat was computed using the formula
proposed in [8],

- a4, |
F, (1) =2,Cplvall [q,(T‘n —q(T)+ 7,’}‘ (1= T ] (11)

which s expansion of formula (3) into a series in powers of (Tg - T,). Comparative
computations with formulas (3) and (11) indicated that the total heat flux into the
sea over a two-month period I
Q= \ (F,—Fg— Fe—Fy)dt
t

i

differs from the results of computations using different formulas by less than 1%,
although the quantity of latent heat of evaporation at some times differs up to
50% and sometimes also changes sign. During this period of observations the heat
balance at the surface was determined by the flux of short-wave radiation and
therefore different methods for computing the flux of latent heat were not re-
flected in the total entry of heat into the sea.
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Figure 1 shows the change in the heat content of the 80-m layer in the sea during
this period

taH

g\ or z d¢,
l

!0

which was computed by West German specialists using data on the vertical distrib-
ution of temperature. The difference between the entry of heat and heat content

increases with time and was caused by the error in computing the total heat flux
at the surface and horizontal advection. The error in computing the heat flux is
related to the inaccuracy of the computation formulas and the error in measuring

the initial parameters.

In the computations the input constants assumed the following values:

C.=Cp=13- 1" 5,=12.107° g/em, cp = 0.24 cal/(g-degree),

= 1 cal/(g-degree), L = 595 cal/g.
Formulation of Problem
A study was made of the one-dimensional boundary layer of the ocean:

equations of drift movements

du
—fv= d—, (12)
ri dd
f” dz (13)
thermal conductivity equation
AT _ 0 [, 9T .
Y= (K- B ) )
formula for determining the coefficient of vertical turbulent exchange
. du ¢ ou? 1 dp -
K= 5 ek A A 4
]/ (dz) w oz’ \ 5)
and equation of state
do _ aT
T T %
. (16)
The boundary-value conditions of problem (12)-(14) are as follows:
- o te - 0v _ Ty
e=l Kg == Kg=—5
' (17)

Cflo /\ = F + F F
if the last term F; e ";32 is absent in equation (3), then
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, 0T
C{IOAT_-:'FB—*.FE‘I',FH—_FI:_QOI

t=H=100 #: u=v=0, T=T,. (18)

Here u, v are the velocity components of sea currents; T is temperature; f = 24Jsin¢4
is the Coriolis parameter; & is the angular velocity of the earth's rotation; ¢ is
latitude (¢ = 59°N); h is the depth of the surface turbulent layer, which is deter-
mined from the computation point zy, the first from the surface, at which the fol-
lowing condition is satisfied

" [ du\® ov 2 ] .
(Cpzy)? /(2 —_— —i—’s =K.
x ]/ ((,:)4-(02/) b 07 min K-= K, (19)
o is the coefficient of thermal expansion of sea water; &= 1.5-1074 degree‘l; ﬁa
is the index of absorption of short-wave radiation in the water medium; the z-axis
is directed downward.

The formulated problem was solved numerically on an electronic computer produced by
the "Telefunken" Corporation at Hamburg University. The boundary-value conditions
were computed on the basis of FLEX data. The equations of motion (12)-(13) were
approximated in time by an implicit difference scheme and a spatial central-differ-
ence approximation. The derived system of algebraic equations is solved by matrix
factorization. The thermal conductivity equation (14) was approximated in time us-~
ing an implicit scheme and was approximated in space by central differences. The
derived system of algebraic equations is solved by a modification of the difference
- schemes method [6] which makes possible more careful computation of the difference
- solution gradients in the neighborhood of the temperature jump. The entire system
of equations (12)-(15) with the boundary conditions (17)- (18) was solved success-
ively in time with a time interval of 24 minutes --10 steps between the measure-
ment data with linear interpolation between them. Vertically use was made of a uni-
form computation grid with an interval of 2.5 m. The details of the solution method
for such a formulation were given in [1].

Results of Numerical Experiments

There are a number of free parameters in the problem: the Cyx coefficients in for-
mula (15) and the absorption coefficient Ky, the drag coefficient Cp and the heat
exchange coefficient Cp. The sensitivity of the solution to these parameters was
checked in the numerical experiments.

In the first series of computations the short-wave radiation was taken into account
by the boundary conditions of the thermal conductivity equation. The following ex-
periments were carried out in this series: with a constant value of the coefficient
of vertical turbulent exchange K, with different values of the coefficients Cy and
Kg. In the second series of computations short-wave radiation was taken into ac-
count as a source on the right-hand side of the thermal conductivity equation (14).
The influence of the coefficients }3 and Ky was evaluated in this series.

1) Figure 2a represents the computed surface temperature with constant values of
the coefficient of turbulent viscosity K. On the basis of these results it is pos-
sible to estimate the characteristic value of the K coefficient which was equal ap-

proximately to 10 cm?/sec. The use of the model for the K coefficient considerably
improved the result. This can be seen from a comparison of Figures 2a and 2b.
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Fig. 2. Temperature of sea surface. 0) FLEX data, a) computations with constant
K coefficient: 1) K =50; 2) K=10; 3) K=1 cm 2/sec; 4) K variable, C = 0.05,

= 1 cm?/sec, b) computations with value Ky = 8-7.9 (z/H)l/Z' 1) Cx = 0.21-0.2 z/
H; 2) Cx = 0.41-0.4 z/H; 3) Cx = 0.11-0.1 z/H, Az =10 m; 4) Ck = 0.11-0.1 z/H.

The formula for determining the K coefficient (15) is a special case of the dynam-
ic turbulence equations [1]. The Cy coefficient was found by solution of the dynam-
ic turbulence equations and in the case of weak stable stratification can be assum-
ed equal to 0.05 [1]. In a general case the Ck value is dependent on the thickness
of the surface turbulent layer [3]. The analytical solutions of the stationary

B equations (12)-(14), obtained with the a priori coefficient K,are substituted into

the left- and right-hand sides of formula (15): =K; and K = Kl(l—z/H)2 le2
(K; = const) [4] and the Cg coefficient is evaluated using this method:
du\ g 0Ov ry
(Cyi)? [<ax}+(021~? dz] = (Cyh)? K‘ (20)

B = (Coh)e, Cpe= (1\3)1141

[3 [
Substituting the known solution cbtained with a constant value of the K coef-
ficient into the right-hand side of formula (20) [4], we obtain

@empTh)? emuh

Ck: 3(8—212_e—n )IH ;0 s ° (21)
- With a variable K coefficient, K = K]_x2
o (2e~mu—1 2 312 9e~" p= 12
= = 142 m - = e ) YR (22)
A(Re (I —Re7' ") (x €77 ) =0 A (Re )(l-—-Re )
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Here p=AL, h=ulf, uf = |—:|."Po- L= aZ/gaQo,

= (fe'. B2, )‘)”2, Rer =u, Le"/K,, A (Rer) =
={[2(1 +2=/InRe,)? — 1j* — 1}IH4,

€ 1is the rate of turbulent dissipation.

T
[/ae

7™ : L . 1 . —
20 49  days eym
-

Fig. 3. Temperature of sea surface (a) and temperature isolines (b). 1)ﬁ= 75.10°3,
Ko =.1; 2) B = 75:10-5, Ko = 0.15 3) B = 751075, Ko = 8; 4) B = 3:10-3cm-1, Kp =
8 cm?/sec. 0) FLEX data.

A decrease in the stratification parameter }J-(}L)O) under the influence of a de-
crease in wind stress or an increase in stable stratification leads to a decrease
in depth h and an increase in the Ck coefficient, formulas (21), (22). For the
characteristic pvalues in the ocean, equal to 10‘1, 1, 10, in formula (21) Ck =
0.29; 0.09; 0.029; and in formula (22) Ck = 0.13; 0.035; 0.009 respectively.

Figure 2b shows the results of computations with a variable Ck coefficient. A con-
siderable increase in the Ci coefficient is poorly reflected in the evolution of
sea surface temperature. The principal parameter to which surface temperature is
sensitive was the value of the Kg coefficient and to a lesser degree the value of
the Ckx coefficient.

The reconstructed surface temperature variation is exaggerated, especlally after 37
days. At this time a storm occurred in the polygon and there was a marked de-
crease in heat content of the sea (see Fig. 1). This effect is not noted in the
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computed entry of heat into the sea. This difference can be caused by the measure-
ment error and the inaccuracy in the computation formulas for the heat flow. At
this time the measurements were made 80 km from the polygon. With an increase in
wind velocity the C¢ and Cp coefficients increase; failure to take this effect
into account gives up to a 15% understatement for the computed flow of apparent

- heat and an understatement of the latent heat of evaporation up to 7% [5]. In ad-
dition, frictional stress can be understated up to 40% due to the averaging of
wind velocity, and not its square. The mean value of the drag coefficient, evalu-
ated for FLEX data using the fermula [7]

; C. =(1,0+0,07{7,])10-%, ©, in m/sec, (23)

is correct in the case of a neutral stratification, equal to 1.4-10~3. The total
heat influx, computed with this Cp value, differs from the preceding by approxim-
ately 1%Z.

Another distinct difference in the data was noted in the neighborhood of 60 days.
The surface temperature was below the data. The reason is also attributable to

- the difference between measurement of heat content of the sea and heat entry into
the sea. At this time there was a high level of heat entry into the sea when there
was a very weak wind. Under such conditions the errors in measuring meteorological
parameters and computations of heat balance components at the sea surface should

- be small. Accordingly the difference between the heat content and heat influx into
the sea was attributable to horizontal advection.

- Figure 2b also shows the role of vertical resolution. The conclusion follows from
this that the result can be improved by making the computation grid more detailed.

An analysis of the computations shows that a particularly strong discrepancy with
the data is noted during the time of heating of the sea when there is no wind. At
such moments turbulent exchange is absent and therefore the surface temperature
increases sharply in comparison with the data. A smoothing of this effect is at~-

- tained by an increase in the a priori Ky coefficient (Ko 10 cm?/sec) or the dis-
tribution of the short-wave radiation with depth.

2) Four computations were made taking into account short-wave radiation in equa-
tion (14) (see Fig. 3). The Ck coefficient in these computations is equal to 0.05.
The characteristic value of the Kj coefficient in this case 1s 0.1-1 cm?/sec. With
an increase in the Ky parameter the surface temperature values decrease and the
isotherms are deepened (Fig. 3b). In these computations the -surface temperature

is less sensitive to the a priori coefficient Kj, as was the case in the preced-
ing computations.

The absorption coefficient B exerts an influence on the surface temperature field
and the depth of the isotherms (Fig. 3). An increase in the absorption coefficient
B unexpectedly reduced the surface temperature. We will examine the stationary
solution of the thermal conductivity equation (14) with the constant coefficient
K:

Coo KT (z)=Frle# = 1)+ (Fy4 Fp+Fp), (24)
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CH=z FI__, _3z _ p—BH
T =Tyr 7, W~ Frew € 7 ¢ - (24)

F]) FE’ FH', FB>Q'.

The surface temperature value

- H F, _
ts=T,+ i\'C?oQo— ERC 7o (1 —e-8H) (25)
decreases with a decrease in the,ﬁ parameter:
ot By -8 H _FiH
o= wmen 1T T we 20 (26)

The computations indicated an inverse effect. This can be attributed to a change
in the K value with a change in the ﬁ parameter:

oT H rl__ _ p=3H
R =~ men QT Ry 1T (27)

The sign of this expression is not dependent on the K value and is determined by
the expression

i ) v
f ) .
—ﬁ—“—e -*“J—H(F:—FB—FE—FH)EO- (28)

If Fyg §>FB + Fg + Fy (this is correct during the daytime), then expression (28) can
be simplified:

L hE = (- 10)<0,

and with characteristic B values with an increase in the K coefficient there is a
decrease in the Tg value.

If Fg + Fp + Fy2>Fy (this condition is satisfied at nighttime), then JTg/J K>O
and with an increase in the K coefficient there is an increase in the Tg value. A
change in the absorption coefficient B leads to a change in the K coefficient and
it determined the variation of surface temperature.

The distribution of short-wave radiation with depth improved the result, especial~
ly the profiles of the isotherms in depth-time coordinates. There was no further
improvement in the temperature regime by careful choice of the B and Ko coeffic-
ients. The reason for this is the discrepancy in data on the change in heat con-
tent and the computed entry of heat into the sea. In this connection it is desir-
able to improve the formulas for computing the heat balance components at the sea
surface using FLEX data.

The authors express appreciation to Professor Yu. Sunderman for kindly affording
the opportunity for carrying out this study.
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UDC 551.465.4(262.5)
HYDROLOGICAL STRUCTURE AND ENERGY RESERVES OF RINGS IN THE MAIN BLACK SEA CURRENT

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 81 (manuscript received
8 May 80) pp 66-93

[Article by A. S. Blatov, candidate of geographical sciences, Moscow State Univer-
sity]

[Text] Abstract: It was established on the basis of
: data from two synchronous hydrological surveys
in the zone of the main Black Sea current that
the process of ring formation in the Black Sea
is associated with the meandering of the main
- Black Sea current. It is shown that the vertical
hydrological structure of the rings, discovered
along the coast of Anatolia and in the southeast-
ern part of the sea, is similar in structure to
the rings of intensive boundary currents. The
author gives an evaluation of the available poten-
tial and kinetic energy of the rings, on the ba-
sis of which it is concluded that the rings are
expressed less intensively in the Black Sea.

Due to the implementation of numerous oceanographic expeditions (""Poligon-70,"
MODE, POLIMODE), as well as the successes of satellite oceanology, the study of
mesoscale and synoptic eddy (ring) formations in the ocean has considerably ad-
vanced. Researchers working in this field are faced with the task of generaliz-
ing available observational data on such oceanic formations for the purpose of
formulating physically valid models of the formation and evolution of rings in
the ocezn, standardization and classification of their spatial-temporal paramet-
ers. In contrast to the ocean, in internal seas, such as the Black Sea, there
has been very little study of these formations. However, in water bodies of this
type (great depths, considerable extent, presence of an intensive well-developed
main pycnocline and intermediate layers) the ring-formation processes can trans-
pire the same as in the ocean. The authors of [1], on the basis of data from two
hydrological surveys in the zone of the main Black Sea current in the neighbor-
hood of the Anatolian coast, carried out in July-August 1976 under the national
program for Joint Multisided Investigations of the Black Sea (SKOICh -- Sovmest-
nyye Kompleksnyye Issledovaniya Chernogo Morya), as well as data from observa-
tions of currents at three buoy stations, employing hydrological criteria, defin-
ed a powerful anticyclonic eddy and proposed an explanation of the mechanism of
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{ts formation, related to intensive meandering of the Black Sea current. The hy-
potheses expressed in [1] concerning the mechanism of formation of this eddy are
more rigorously confirmed by additional in situ observations, and this constitutes
the subject of this study, in which we subject to further analysis the hydrological
observations used in [1], process and analyze data froma hydrological survey made
in the southeastern part of the Black Sea carried out during November-December
1977. In addition, we epployed generalized data from synchronous hydrological
surveys in the 1950's and long-term instrumental observations of currents carried
out in the Black Sea.

- A generalization of all the available observations of currents in the zone of the
main Black Sea current, and also the processing of the long-term mass of hydrolog-
ical data available at the Department of Oceanology at Moscow State University,
made it possible to confirm the prevailing idea that the main Black Sea current,
propagating along the coast, occupies the entire sea as a cyclonic ring. It was
found that a cyclonic character of the circulation is observed over the course of
the entire year; the main characteristic of the seasonal restructuring of the
field of currents is attenuation of the cyclonic flow from winter to summer. This
is somewhat contradictory to current concepts that a cyclonic circulation is ob-
served in 70%Z of the cases, whereas in 30% of the cases there is an anticyclonic
circulation. Restructuring to the latter is most probable in summer {51.

Fig. 1. Position of axis of main Black Sea current according to data from synchron-
ous surveys in the 1950's. 1) 1951; 2) 1952; 3) 1953; 4) 1957; 5) mean position.

It was established on the basis of repeated surveys of currents with the EMIT* ap-
paratus that the main Black Sea current has the form of a narrow jet whose width
is 40-80 km. The maximum velocities in the jet (current axis) can attain 100-150
cm/sec. A comparison of the position of the current axis with the data from syn-
chronous hydrological surveys revealed that the main Black Sea current at depth
is associated with reglons of increased gradients of thermohaline characteristics
, and can be regarded as a boundary jet current separating the freshened waters of

* The EMIT survey data were provided through the courtesy of V. I. Zats.
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the coastal regions from the relatively saline waters of the abyssal zone of
the Black Sea. It was found that on the basis of hydrological criteria it is
possible to identify the position of the main Black Sea current, in particular,

to discriminate the axis of the current at a depth of 100 m on the basis of the
209/00 isohaline.

ol

Fig. 2. Salinity field at the 100-m horizon. a) in July 1976 along the shores of
Anatolia; b) in November-December 1977 in the southeastern part of the sea.

Figure 1 shows the position of the axis of the main Black Sea current at the 100-m
horizon obtained on the basis of data from synchronous surveys of the 1950's. Fig-
ure 1 shows the "wandering" of the main Black Sea current, which experiences
wavelike fluctuations, approaching the shore and withdrawing from it. Three
regions of the strongest meandering of the main Black Sea current are defined:

the region of the Anatolian ccast (to the east of Cape Sinop), the southeastern
region of the Caucasus coast and the region of dropoff of the depths of
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the northwestern part of the Black Sea.

According to the hypothesis proposed in [1], the main reason for the meandering
is the baroclinic instability of the main Black Sea current. Under definite con-
ditions (with an increase in wave disturbances of the main Black Sea current)
individual rings similar to those discovered in [1] can be formed in its zonme.
Therefore, the process of meandering and ring formation in the zone of the main
Black Sea Current can be regarded as a manifestation of frontal instability of
the type of the Gulf Stream instability to the east of Cape Hatteras and other
boundary currents. It therefore follows that the rings in the zone of the main
Black Sea current must have properties similar to the properties of the Gulf
Stream rings.

It 1is well known [4] that one of the principal properties of the rings is an asym-
metry of the formation relative to the flow axis: along one side of the current
there is formation of only anticyclonic rings, whereas along the other side only
cyclonic rings are formed. Still another important property of the rings is that
the waters within these rings have an origin which differs from the waters sur-
rounding them. Accordingly, on the basis of data from hydrological surveys they
can be discriminated on the basis of the difference in temperature and salinity
of their internal parts and the surrounding water. In additiom, in the vertical
hydrological structure of the rings there is a substantial increase or decrease
(depending on the vorticity sign) in the vertical thickness of the intermediate
layers in comparison with the surrounding waters (for example, the presence of

a vertically thick interlayer of "18°" water in the anticyclonic rings of the
Gulf Stream).

We will attempt to trace whether the noted properties are observed in the hori-
zontal and vertical structure of ring formations in the Black Sea. Figure 2
shows the salinity fields at the 100-m horizon along the shores of Anatolia
(Fig. 2a) and in the southeastern part of the sea (Fig. 2b). Along the coast of
Anatolia in July of 1976 it was easy to trace two meanders, omne of which is in a
stage of detachment from the main Black Sea current and in actuality constitutes
an anticyclonic eddy in which the salinity is 0.70-1.00°/00 less than the salin-
ity of the surrounding waters. In the southeastern part of the sea (Fig. 2b)
there are two cyclonic eddies detached from the main Black Sea current, whose
axis corresponds to 20°/oo. The eddies are characterized by increased salinity
values, which at their centers differ from the salinity of the surrounding
waters by 0.5-0.9%/oc.

The ring along the Anatolian coast has an ellipsoidal configuration; the degree
of elongation of the eddy (the ratio of its greater axis (92 km) to its lesser
axis (52 km)) is 1.80. This ring, as was indicated in [1], is traced on the basis
of hydrological characteristics to the horizons 400-500 m.

The rings in the southeastern part of the sea have an almost regular circular con-
- figuration with mean radii for the first ring of 28 km and for the second -- 30

km; the degrees of elongation are 1.15 and 1.18 respectively. Vertically the
rings are elongated to a considerably lesser degree than along the Anatolian coast

and are traced in the upper layer to a depth of 200 m.
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Fig. 3. Vertical temperature sections. a) along lesser axis or anticyclonic eddy
along coast of Anatolia; b) through cyclonic eddy in southeastern part of sea. The
position of the sections 1s shown in Fig. 2. The cold intermediate layer is repre-
sented by shading.

The anticyclonic ring along the coast of Anatolia was formed to the left of the
main Black Sea current (looking along the current), whereas the cyclonic rings in
the southeastern part of the sea were formed on the right side of the current. In
addition, the anticyclonic ring was formed from less saline waters of the coastal
zone, whereas the cyclonic rings were formed from the more saline waters of the
abyssal regions of the sea, that is, apparently there is an analogy with oceanic
frontal eddies-rings. This is also confirmed by the characteristics of the ver-
tical hydrological structure. It is well known that a distinguishing characteris-
tic of the distribution of the cold intermediate layer (CIL) over the surface of
the Black Sea is a decrease in its thickness in the abyssal regions and an in-
crease in the thickness of the CIL in the coastal regioms. Accordingly, in the
anticyclonic ring formed from the coastal waters there should be an increase in
the thickness of the CIL, whereas in the cyclonic rings this thickness should de-
crease. Figure 3 shows the vertical temperature sections for an anticyclonic ring
(Fig. 3a) and a cyclonic ring (Fig. 3b); it is shown that there is a correspond-
ing increase and de:rease. in the thickness of the CIL in comparison with its
thickness in the surrounding waters. In addition, the noted characteristics of
propagation of cold intermediate waters in the observed eddy formations are evi~-
dence of intensive vertical movements in ring zones™. Thus, on the basis of the
correspondence between the characteristics of the rings discovered in the Black -
Sea and the main properties of the rings in the Gulf Stream it can be concluded
that the formation of rings of the mentioned spatial scales (about 60-90 km) oc-
curs as a result of frontal instability of the main Black Sea current, having a
jetlike character.

* The possibility of the existence of such movements in the southeastern part of
the sea was for the first time noted by A. D. Dobrovol'skiy in [3].
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Fig. 4. Relative dynamic topography in zone of anticyclonic ring for different sur-
faces. a) sea surface; b) 50-decibar surface; c) 100 db; d) 200 db; e) 300 db; f)
500 db. The zero surface is 1000 db. The arrows indicate the mean vectors of cur-
rent velocities measured at automatic buoy stations.

In many studies devoted to investigation of rings in the Gulf Stream and other
boundary currents it has been demonstrated that the field of currents in the edd-
ies is in a quasigeostrophic regime. In order to check this point for the rings

of the main Black Sea current we carried out dynamic processing of data for the
used synchronous surveys and then made a comparison of the dynamic maps with the
results of instrumental observations of currents carried out at this same time in
this same region. As the zero reference surface the 1000-db surface was selected.
Figure 4 shows maps of the relative dynamic topography for different surfaces in
the regivn of ring propagation along the coast of Anatolia, from which it can be
seen that the anticyclonic ring discriminated earlier on the basis of the distrib-
ution of salinity and temperature is very clearly traced in the field of geo-
strophic currents and is most clearly expressed at the 50 and 100 db surfaces; at
the sea surface the ring is traced somewhat less clearly (it occupies a lesser
area), evidently due to the distorting influence of the intensive seasonal ther-
mocline, whose formation in the zone of the main Black Sea current leads to a de-
crease in the differences in dynamic heights at the sea surface in summer. The
area occupied by the ring and the differentials in dynamic heights at the 200-db
surface are considerably less than at 0, 50 and 100 db, whereas at the 300 and 500
db surfaces there is only one closed dynamic contour line, outlining a still less-
er area than at the 200-db surface. All this is evidence that vertically the anti-
cyclonic ring has a conical configuration.

Estimates of geostrophic velocities were made for sections along the longer and
shorter axes of the ring. These revealed that the velocities on the periphéry for
the shorter axis at the surface attained 60 cm/sec, and at the 50-m horizon even
65 cm/sec; the mean weighted velocity in this section of the upper 200-m layer
was 50 cm/sec, whereas on the greater axis of the eddy it was less (20 cm/sec).
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- A comparison of the velocities of the geostrophic currents with the parameters
of currents averaged for the entire time of observations at the automatic buoy
stations in the eddy zone indicated their good correspondence with respect to both
- absolute value and direction of the velocity vector at the horizoms 25, 50, 75 and
100 m (Fig. 4). This is evidence of quasigeostrophicity of the field of currents
in the anticyclonic ring. Similar dynamic computations were made using survey data
for the southeastern part of the sea. These computations indicated the presence of
cyclonic rings at the surface and in the water layer to the 200-db surface, but the
intensity of the geostrophic circulation attenuated considerably in comparison with
the anticyclonic ring. The maximum velocities of the geostrophic currents on the
periphery of the rings are 23 cm/sec.

It is of great interest to estimate the kinetic energy (KE) and available potential
energy (APE) of the rings and also the relationship between them because such es-
timates can tell about the stage in development of the rings and then also about
their lifetime, without drawing upon data from long-term observations of the hydro-
logical structure of such eddy formations.

The kinetic energy of the rings was estimated without taking into account the kin-
etic energy of the transfer movement, that is, only the KE of rotational motion
was computed:

i=1

M
SRR | ]S
(Z[ 2 (R.'*'R’l-l)]“’t) Zp o

where i is the number of ring "circles" included in the computations, j is the num-
ber of layers vertically, 132j is the thickness of the layer in dimensionless
units, Amy is the mass of a ring circle of a unit thickness, Ry and Rj_] are the
external and internal radii of the ring circle, a)% is the mean (angular) velocity
of rotation of the ring circle 1.

The available potential energy was computed using the formula

/0 M AN
- apg =L ( [ oo dpj dS:—;;— X [Z p, (o), -\p,]AS,, @
p 9 i=1L}=1 ,

FE (9 \p, .
where 1 and j are the same as for (1), A Pj is the thickness of the layers in
pressure units, A Sy is the area of the ring circle, (§ )j is the mean density
anomaly for a ring circle and pj is pressure at the j horizon; g is the accelera-

tion of free falling, }30 is the mean density of sea water.

In the computations it was assumed that M = 3, N = 11 for an anticyclonic ring and
M = 2 and N = 8 for cyclonic rings, that is, the entire volume occupied by rings
was broken down into three circles "imbedded” in one another and 11 vertical lay-
ers for an anticyclonic ring; and for cyclonic rings -- 2 circles and 8 layers.

The mean density anomalies (6p) for the circle were obtained by averaging the
density anomalies at hydrological stations falling in the area of the correspond-
ing circle. The density anomalies for an anticyclonic ring were computed as devi-
ations from the undisturbed density field in the abyssal part of the Black Sea,
and for a cyclonic ring -- from the undisturbed density field in the coastal re-
gions of the southeastern part of the sea.
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Table 1 gives computed data for APE and KE in several layers for an anticyclonic
ring along the Anatolian coast and one cyclonic ring in the southeastern part of
the sea.

The table shows that more than 85% of the total mechanical energy of an anticyclon-
ic ring can be assigned to APE and the ratio of KE to APE is 0.13, that 1s, APE
exceeds KE by upproximately an order of magnitude. More than 90% of the APE is con-
tained in the main pycnocline (between the contour lines 75 and 150 meters), where-
as 59% of the KE is concentrated in the 100-m layer. In the upper 200-m layer there
is concentration of more than 90% of the KE in the ring. Such a relationship of

4 APE and KE and their vertical distribution are in good agreement with similar es-

- timates made for Gulf Stream rings [6, 7]. However, with respect to absolute val-
ues the estimates obtained differ from those cited in [6, 7] by two orders of mag-
nitude: APE values of about 1024 erg were obtained for Gulf Stream rings. This is
an indication that less intensive rings are formed in the Black Sea during meander-
ing of the main flow.

Table 1

_ Distribution of Available Potential Energy (APE, 1020 erg) and Kinetic Energy KE,
1020 erg) With Depth in Anticyclonic and Cyclonic Rings

Thickness of layer, m KE APE Thickness of layer, m KE APE
Anticyclonic ring Cyclonic ring
0-100 7.50 27.9 0-50 1.16 1.53
100-200 4.32 56.7 50-100 0.73 2.68
200-300 0.68 6.3 100-150 0.29 0.82
300-400 0.12 2.2 150-200 0.18 0.35
400-500 0.07 0.9 200-300 0.05 0.10
Total energy 12.69 94.0 2.41 5.48

- For cyclonic rings in the southeastern part of the Black Sea, which had lesser

dimensions and vertical thickness, an estimate of total mechanical energy was ob-
- tained (1020 erg). For the ring situated closer to the zore of the main Black Sea
flow the relationship between KE and APE is 0.44. The APE accounts for 70% of the
entire energy in this ring and in the second cyclonic ring, more distant from the
main Black Sea current, APE already accounts for 55% of the entire energy of the
- ring; more than 50% of the KE is concentrated in the upper 50-m layer.

Since the anticyclonic ring along the Anatolian coast was in a stage of detachment
from the main Black Sea current, it can be considered a young dynamic formation. It
is characterized by a low value of the KE-APE ratio -- 0.13. The rings in the south-
eastern part are completely separated from the main Black Sea current eddies. The
ring formation conditions in this region are such that the region of propagation

= of the rings is limited on one side by the main Black Sea current, and on the other
by the shoreline. This gives basis for assuming that the ring situated at a greater
distance from the zone of the main Black Sea current was formed earlier than the
ring situated closer to the main Black Sea current. The ratio of KE to APE for the
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less old ring was 0.44 and for the older ring was 0.81.

A comparison of these estimates of KE and APE and their relationships makes it pos-
sible to propose the following mechanism of redistribution of energy during the
evolution of the rings: in the process of meandering of the jet streams and ring
formation a definite reserve of both KE and APE 1s created in the rings. The ini-
tial vertical distribution of KE and APE is similar to that obtained for an anti-
cyclonic ring along the Anatolian ccast. In the course of evolution of the rings
the KE dissipates due to friction (and possibly due to the excitation of internal
wave processes [2]), but the reserves of APE are constantly replenished, the ratio
of KE to APE constantly increases and the KE is concentrated in a surface layer
which 1s increasingly thin vertically. In the absence of additional sources of
energy of meteorological or topogenic character the rings, expending the entire
reserve of APE, degenerate. To be sure, the cited scheme for energy redistribution
during the evolution of rings is a qualitative picture and requires further con-
firmation by experimental data and theoretical computations.

Thus, as a result of detailed processing and analysis of the materials from two
surveys it was possible to confirm the hypothesis expressed earlier [1] that in
the Black Sea there can be a process of ring formation as a result of frontal in-
stability of the main Black Sea current, having a jet character. It was noted that
in the vertical structure of the rings and the distribution of kinetic energy and
available potential emergy in them in the Black Sea there is much in common with
the Gulf Stream rings and rings in other boundary currents. However, in the Black
Sea the rings are expressed less intensively.

In conclusion the author expresses appreciation to A. D. Dobrovol'skiy, A. N. Ko-
sarev and Yu. A. Ivanov for comments and advice given in discussion of the work.
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UDC 556.(556.2+072) (474.2)
NUMERICAL MODELING OF WIND-DRIVEN CURRENTS IN LAKES

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 81 (manuscript received
28 Oct 80) pp 94-101

[Article by A. G. Bogachev, G. B. Volkova, V. I. Kvon, candidate of physical and
mathematical sciences, and T. N. Filatova, candidate of geographical sciences,
Tiyrikoya Lake Station, Estonian Administration of Hydrometeorology and Environ-
mental Monitoring, Institute of Hydrodynamics, Siberian Department, USSR Academy
of Sciences, and State Hydrological Institute]

[Abstract] Soviet and foreign authors have now developed a number of mathematical
models to be used in computations of wind currents in seas and internal water bod-
les. However, not one of these models has been evaluated using sufficiently reli-
able in situ data. This article describes a new mathematical model and gives the
results of its use for computations of wind-driven currents in Chudskoye Lake.
This water body was selected because unique experimental data on currents were
available which have been generalized in the form of maps of currents character-
izing a steady or near-steady process of transport of waters with winds of differ-
ent directions. The modeling problem was solved numerically by the implicit dif-
ference schemes method. The model examined here was used in computing the vector
fields of currents at different horizons and also computing elementary discharges
of Chudskoye Lake. Particular attention was given to investigation of the spatial
restructuring of the vector field with an increase in depth since the intermediate
horizons are poorly supplied with in situ measurement data. A study was also made
of stability of the vector fields of currents as a function of wind velocity, dis-
charge of the Narva River and the Coriolis parameter. A comparison of computations
made using this model and computations made using other models revealed that the
model defined in this article gives superior results. In particular, there is

more precise allowance for the coefficient of turbulent viscosity. The model is
recommended for computations of wind-driven currents in other internal water
bodies. Figures 2, tables 1; references 16: 15 Russian, 1 Western.
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UDC 551.(54+55) (-062.4)

STRUCTURE OF ATMOSPHERIC PRESSURE AND WIND NEAR THE EQUATOR IN THE CENTRAL PART OF
THE PACIFIC OCEAN

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 81 (manuscript received
- 19 Sep 80) pp 102-105

[Article by N. A. Romanova, L. V. Kool' and Yu. A. Romanov, Institute of Oceanol-
ogy]

[Abstract] During February-March 1980, on the 24th voyage of the scientific re-
search ship "Dmitriy Mendeleyev," specialists carried out hydrological investiga-
tions in the central part of the Pacific Ocean, in an equatorial polygon bounded
on the east and west by 163 and 167°W and 2© latitude on both sides of the equator.
While working in the polygon the ship repeatedly crossed the equator. During the
period 4-24 March hourly meteorological observations were made (total number of ob-
servations 504). These observational data were used in clarifying the real perman-
ent features of the pressure and wind fields near the equator. It was found that

at the equator the frequency of recurrence of the southerly, northerly and zero
values of the meridional component was almost identical. To the north of the equa-
tor it was the southerly component which predominated, whereas to the south it was
the northerly componentt At a greater distance from the equator the v distribution
was not so symmetric: in the northern hemisphere winds with northerly and souther-
ly components were almost identical with respect to frequency of recurrence; in

the southern hemisphere there is a predominance of winds with a northerly compon-
ent. The frequency of recurrence of strictly easterly winds decreases with increas-
ing distance from the equator to the north and south. Despite a minimum of atmo-
spheric pressure at the equator, there is a divergence of air flows, not a con-
vergence. The deviation of the easterly flow to the south in the northern hemi-
sphere and to the north in the southern hemisphere near the equator is evidence of
manifestation of Coriolis force. The asymmetry of deflection of the vectors on both
sides of the equator is apparently evidence of the superposing of the macroscale
circulation of both hemispheres on the easterly flow directed along the equator.
The wind distribution near the equator determined from observations on this voyage
agrees with the mean long-term wind field for March described by K. Wyrtki and

G. Meyers (Hawail Institute of Geophysics, 1975). Figures 2, tables 3; references
3: 2 Russian, 1 Western.
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UDC 551.576.11:546.11
ROLE OF HYDROGEN PEROXIDE (H,05) IN THE FORMATION OF MESOSPHERIC CLO.uS

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 81 (manuscript received
1 Feb 80) pp 105-107

[Article by A. F. Kashtanov and B. M. Novikov, candidate of physical and mathemat-—
ical sciences]

[Abstract] The role of atmospheric components other than water vapor in the forma-
tion of mesospheric clouds has been inadequately studied. Hydrogen peroxide (H07)
warrants attention in this connection. Until now its role in mesospheric processes
has been neglected because it is a relatively unstable compound and its atmospheric
content has not been precisely known. However, studies show that Hy0, in its phys-
icochemical properties is more active in the condensation process than water vapor.
Comgutations show that the quantity of H0 molecules for d = 0.3pm is 4.72-108
cw” <, which is ensured with a corresponding supersaturation in the mesopause_re-
gion. In tiic mesosphere there are regions where the H02 concentra::.n is 107-10
em~3. This is adequate for the formation of mesosgheric clouds witn a mean diameter
of the particles O.lp_m and a concentration 1 em™>. An appropriate supersaturation
is ensured with a temperature less than 140°K. It is clear that hydroger peroxide
can play the role of primary condensation nuclei on which water droplets and ice
crystals, constituring a mesospheric cloud, are subsequently formed. However, the
lack of direct measurements of hydrogen peroxide concentration in the stratosphere
and mesosphere make it possible to consider the conclusions drawn in this article
to be only one of the possible mechanisms explaining condensation processes in the
mesosphere. Figures 1, tables 2; references 10: 8 Russian, 2 Western.
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UDC 551.5:633.16
INFLUENCE OF METEOROLOGICAL FACTORS ON THE YIELD OF SPRING WHEAT

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 81 (manuscript received
13 Oct 80) pp 107-110

[Article by V. N. Garmashov, doctor of agricultural sciences, and A. N. Selivanov,
candidate of biological sciences, All-Union Selection-Genetic Institute]

[Text] Abstract: On the basis of many years of
experiments it 1s demonstrated that for
the formation of a high yield of spring
barley the factors of the greatest impor-
tance are not autumn-winter precipitation
and the reserves of productive moisture
in.the meter soil layer by the onset of
the sowing period, but spring-summer pre-
cipitation, and most importantly, the pre-
cipitation falling during the tillering-
leaf tube formation period, which occurs
most frequently in May. At this time there are
adequately good moisture reserves in the
half-meter and especially in the cultivated
soil layer where a considerable part of the
spring barley root system is situated.

The cultivation of spring barley in the southern part of the Ukraine involves

the n.7ative influence of moisture shortage and increased temperatures. However,
as noted by A. Shishkin [10], the reason for drought in the steppe zone must not
be cought in the paucity of the total quantity of precipitation in the course of
the year, but in its nonuniform distribution. According to the data of I. E. Buch-
inskiy [3], over a period of 97 years (1872-1968) in Odesskaya Oblast there were
41 years with a dry spring. Accordingly, it is assumed [2, 4, 6, 9] that under
these conditions a guarantee of the yield of spring grains will be the moisture
accumulated during the autumn-winter period.

However, other researchers [1, 5, 8] have come to the conclusion that the yield of
spring barley to a considerable degree is dependent on the weather characteristics
of the growing season.

In this connection it seems of interest to clarify how the moisture supply and tem-
perature exert an jnfluence on formation of the yield of spring barley under the

conditions prevailing in the southern part of the Ukraine.’ Comparing the data on
the yield of the varieties Chernomorets and Nutans 244 obtained in experiments
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with the quantity of autumn-winter precipitation and the moisture reserves in the
meter soil layer by the onset of the barley sowing period, we concluded that these
indices cannot serve as a reliable measure determining the yield level (Table 1).
More than 300 mm of precipitatjon fell during August-March in 1973, 1977 and 1978,
but the yleld was different —- from 12.5 to 42.5 centners/hectare; however, in
1974 only half as much precipitation fell (153 mm) but the yield was the highest
in these years -- up to 49.0 centners/hectare.

A similar picture is also obtained when comparing the yield with the moisture re-
serves in the soil at the beginning of the barley sowing season. A high grain yield
was obtained with both low moisture reserves (1974, 1976) and when there were high
moisture reserves (1973, 1978), whereas the minimum yield in 1977 was with spring
moisture reserves close to the best dvring this period. For the Chernomorets var-
iety the correlation coefficient between these values was -0.30 and for the Nutans
244 variety it was -0.37.

The precipitation total during the growing season also did not constitute values

- determining the yield because the minimum yield corresponded to the maximum pre-
cipitation sum (1977). However, an analysis indicated that the greatest influence
on the yield was from rains falling in May, as is indicated by the correlation co-

efficient, which for the Chernomorets variety was 0.84 and for the Nutans 244 var-
ifety was 0.91. In other months the correlation was not significant.

The high dependence of the yield of spring barley on May rains is attributable
to the fact that in this month there is tillering, formation and growth of crown
roots, on whose development 1s subsequently dependent the level of support of the
above-ground mass with water and nutrients, as well as a differentiation of the
apical cone into spikelets, which subsequently determine the size of the ear and
its productivity. During this period it is not only moisture supply conditions
which are of importance, but also the temperature factor. Precisely in May the
higher air temperature has a negative effect on the future yield, whereas at the
beginning of the growing season its positive influence is noted. The correlation
- coefficient is equal to -0.54 and 0.52 respectively (Nutans 244 variety).

It is well known that the prevailing weather conditions to a considerable degree
can change the dates of onset of individual phases in growth and development and
in the last analysis the length of the growing season for spring barley. It was
therefore of interest to ascertain how changes in the levels of the studied fac-
tors exert an influence on the final result -- the grain yield -~ not by calendar
periods (months), but in individual corresponding segments of the growing season.
For this purpose we made computations of the correlation between yield and the
quantity of precipitation and the mean daily air temperature by interphase per-
iods and obtained the following results (Table 2).

Between sowing and the tillering phase the increase in air temperature exerted a
positive influence on the growth and development of barley plants, which was re-
flected thereafter in the yield. However, during the period when there was in-
tensive tillering and formation of the secondary root system the lower tempera-
tures were better, as is indicated by the negative correlation coefficient. The
reduced temperatures during this period, when the apical cone is in the third-
fourth stages of organogenesis, favor the formation of a great number of spike-
lets in the ear [7]. Later a negative correlation is also maintained between
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yield and air temperature, but its closeness is reduced.

N Table 2

Correlation Coefficient (r) Between Yield and Meteorological Factors by Growing
Seasons (During 1973-1978). Chernomorets Variety

Sowing- Sprouting- Tillering- Leaf tube Earing-total
- sprouting tillering leaf tube formation- maturity
formation .earing

Yield and mean daily air temperature
0.27 0.63 -0.74 -0.45 -0.17

Yield and quantity of precipitation
0.02 0.39 0.68 0.49 -0.05

Table 3

Development of Tillering Sprouts and Crown Roots in Dependence on Weather

Indices In "dry" years In "moist" years
Chernomorets  Nutans 244 Chernomorets Nutans 244
Bushiness 1.6 1.8 2.4 2.9
Number of nodes, roots 2.2 2.6 4.8 5.1
- Total maturity phase
Productive bushiness 1.2 1.3 2.1 2.7
Number of grains in ear 17.5 18.5 17.2 18.2

There is also a small correlation between precipitation and the yield, as with
air temperature, during the interphase tillering-stem growth stage, but in this
case it is positive. It follows from this that the period from the onset of
tillering to the onset of leaf tube formation is the most important in the fate
of the future yield of spring barley. An adequate quantity of precipitation in
the case of a low air temperature lays the basis for a high productivity of
plants, which later can be realized in a high yield, and vice versa, unfavor-
able conditions lead to a decrease in high productivity factors (Table 3).

The cited data indicate not only a considerable decrease in the tillering coef-
ficient and the number of nodal roots in barley plants in unfavorable years,

but also a decrease in their relationship. In a dry year for each tillering
sprout there are fewer roots than in the moist years. This leads to a worse
supply of the sprouts with water and nutrients, as a result of which a consider-
able percentage of them die out. And since the yield is closely related to pro-
ductive bushiness (correlation coefficient 0.84-0.91 in dependence on variety),
it becomes possible to understand the main reason for reduction in barley yield
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in years when there is hot and dry weather in the tillering phase.

The size of the ear and its productivity, it was found, cannot serve-as a reliable
indicator of the yield level because these quantities are influenced, on the one
hand, by weather conditions, and on the other hand by the tillering stage. In the
case of great tillering there are fewer ears formed than when there is slight
tillering. In addition, soil fertility and the variety of barley are of impor-
tance. With the application of fertilizers the ears increase in size even in the
case of strong tillering. Among the biological peculiarities of the variety the
factor exerting the greatest influence on ear size is the sprout-forming capacity.
For example, in our experiments with Nutans 244 the number of grains in the ear
was less for the plants which thickened out well than for the Chernomorets variety.

The determination of the relationship between yield and moisture content of dif-
ferent soil layers during the growing season indicated that the closest correla-
tion was observed in the interphase period tillering-leaf tube formation with
layers 0-10 and 0-20 cm (r = 0.69 and 0.60 respectively). A less close correla-
tion was observed for the half-meter layer and especially with the content of
productive moisture in the meter layer. This can serve as an indirect indication
of the shallow positioning of the main mass of roots for spring barley.

Thus, our investigations indicated that the most important factors in the forma-
tion of a high yield of spring barley are not autumn-winter precipitation and
the reserves of productive moisture by the beginning of the sowing period in

the meter soil layer, but instead, the spring-summer precipitation and especial-
lv the precipitation falling during the tillering-leaf tube formation period, as
occurs most commonly in May. Good moisture reserves in the half-meter layer and
especially in the cultivated layer, where a considerable part of the root system
of spring barley 1s situated, are adequate for these purposes.
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UDC 551.521.17
- EXPERIMENTAL INVESTIGATIONS OF ULTRAVIOLET RADIATION IN THE LOWER ATMOSPHERE

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 81 (manuscript received
4 Oct 80) pp 111-116

[Article by N. F. Yelanskiy and Yu. L. Truttse, candidates of physical and mathe-
matical Sciences, and 0. A. Matveyeva, Institute of Atmospheric Physics]

[Text] Abstract: This article gives the results of
measurements of the total fluxes of direct,
scattered and total radiation in the spec-
tral region 300-400 nm made from aboard an
aircraft. The results agree satisfactorily
with the results of numerical modeling.

Introduction. The numerical model of radiationm transfer in the atmosphere pre-
sented in [4] includes such factors and dependences which cannot be rigorously de-
scribed mathematically. But the introduction of simplifying assumptions and rep-
resentations of different quantities in approximations with few parameters are
inevitably reflected in the accuracy of the results of numerical computations.
Their experimental checking is required. However, the making of observations in the
spectral range 290-340 nm meets with a number of difficulties which are caused by
an abrupt change in the intensity of the solar radiation reaching the earth's
surface and the complexity of precise calibration of instruments in this spectral
region. Accordingly, the number of such observations is rather limited. Neverthe-
less, the principal regularities in the geographical distribution of the total
fluxes of UV radiation at the earth's surface during different seasons have been
described and studied in [1, 4]. During recent years a number of measurements have
also been made to ascertain the spectral composition of the fluxes of UV radiation
in the ozone absorption region [7, 8]. These observations make it possible to re-
fine individual details of the numerical model, but they are inadequate for its
total certification. Additional information 1s needed on the vertical structure

of the fluxes of UV radiation and their dependence on rapidly changing observa-
tion conditions. For this purpose in this article we give the results of measure-
ments of the total fluxes of direct, scattered and total radiation in the spectral
region 300-340 nm from an aircraft.

Instrumentation and Measurement Method

The measurements were made using specially fabricated UV photometers in which the
radiation detectors are F-7 photocells. The maximum response of the F-7 corres-
ponds to a wavelength of approximately 225 mm. With an increase in wavelength the
detector response decreases and when A =320 nm does not exceed 4% of the maximum

value.
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The F-7 phoelement is intended for the registry of the radiation arriving from a
hemisphere. Its angular characteristic is close to cosinal. Since individual
samples have their own particular characteristics, radiation detectors with a
spectral response dropping off most steeply in the sector 290-340 nm were select-
ed for installation in the instrument; for these detectors the angular character-
istics come closest to a cosinal dependence (the discrepzncies must not exceed
3-4% within a range of angles 75-80° from the normal).

The precise absolute calibration of the UV photometers is a complex problem. And
although in the measurement of the vertical structure of the radiation fluxes
and albedo of the reflecting surface an analysis is made of the relative changes
in parameters, the relationship between model computations and experimental data
expressed in absolute energy units must be known quite precisely for a proper in-
terpretation. The calibration of instruments was accomplished by two methods: us-
ing an SI-8 standard lamp and on the basis of direct solar radiation. Recent meas-
= urements were made at the High-Mountain Scientific Station, Institute of Atmospher-
ic Physics, USSR Academy of Sciences (near Kislovodsk, at an elevation of 2,070 m
above sea level) over the course of several months before and between aircraft
flights. At the same time measurements were made of the total ozone content and
the aerosol attenuation of radiation was evaluated. A knowledge of these para-
meters made the calibration on the basis of solar radiation adequately correct.

The aircraft carried two photometers with coinciding spectral characteristics in
the upper and lower parts of the fuselage. The lower photometer measured the ra-
diation reflected from the underlying surface and scattered in the lower layer
F.of15 the upper photometer measured the total radiation F,, and direct Fqir
radiation incident on the horizontal surface from above. For this purpose the
sensor of the upper instrument is mounted in such a way that it can move rela-
tive to the entry aperture by a distance up to 1 m. In this case the instrument
field of view is not greater than 8°. The angle within which the sun illuminates
the entire cathode is from 4 to 6°, depending on the position of the sun relative
to the time of the measurements. '

The flux of scattered radiation was found from the difference Fy, . - Fqir- The
error in determining this parameter, as a result of excluding the contribution of
radiation scattered at small angles, does not exceed 3-4%, and as a result of de-
viation of the angular dependence from cosinal is not more than 3% for zenith
distances 690§§60°. The total error in determining the Fgc,¢/Fqiy ratio for these
same 90 is about 10-15%.

The total measurements of radiation fluxes using photometers in the region 300-340
nm have one substantial shortcoming. With a change in ozone content the nature of
the spectrum in this region changes. As a result, the effective wavelength of in-

- strument response (Forbes effect) shifts. This usually makes very difficult the
interpretation of data from measurements carried out under conditions differing
greatly with respect to solar altitude, ozone content and optical characteristics
of atmospheric aerosol. However, in investigations of the relative changes in UV
radiation at different altitude levels in a particular place during the short time
of aircraft descent 690 and X change insignificantly and the influence of the
Forbes effect is small (Fig. 1). With a further decrease of its influence the com-
parison of experimental data was always made with those computed values which were
obtained with the substitution of the true 8()and X values at cach comparison
point into the numerical model. It is only important that the optical
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characteristics of both instruments be kept so during the flight time. The in-
strument parameters were monitored under terrestrial and flight conditions
(change in position of the instruments) by comparison of their readings during a
24-hour period (different 0 and X). As a rule, the selected photoelements retaiam
their characteristics over a long period of time.

75’_5,'.7#.!?, relative units

i

1 A
7 J1 Ji0 J50 v
Fig. 1. Photometer transmission functions computed for solar zenith angle 6?= 0°
and altitude levels z = 4 and O km (curves 1 and 2 respectively) for zenith angle
- O=60° and z = 4 and O km (curves 3 and 4). Ozone content 0.200 cm; aerosol dis-
tribution M1.

Measurements of UV radiation in the thickness of the atmosphere were made under
cloudless conditions during rapid linear descent (rarely ascent) of an I1-14 air-
craft from an altitude of 5-5.5 km to the earth's surface or altitudes 100-200 m.
Measurements of direct solar radiation were made each 250 or 500 m vertically. The
radiation reflected from the underlying surface was measured at altitudes up to
100 m.

The flights were made in Central Asia and to a lesser extent over the European
USSR. The observations were continued with interruptions from May 1978 through May
1980 and took in all seasons.

As has already been noted, for the proper interpretation of the observations of
variability of UV radiation in the thickness of the atmosphere it is necessary to
have data on ozone content. Accordingly, the aircraft carried two spectrophoto-
meters for measuring total ozone content continuously during the entire flight,
including in the descent segment. The measurement and computation method was de-
scribed in [3]. Some differences are related only to improvement in the system
for tracking the sun.

Analysis of Results

A total of about 90 vertical sections were obtained. The resulting profiles of the
fluxes of UV radiation F were characterized by a great variability. The maximum F
variations with equal Qc)were caused by fluctuations of the aerosol component in
rhe lower atmosphere, as is in agreement with the conclusions drawn from model in-
vestigations if it is taken into account that the Aeff of the instrument falls in
the range 317-322 nm with a change in 690 from 25 to 60°. During the flights there
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were no direct measurements of the aerosol characteristics. Therefore, an analysis
ot the dependence of radiation fluxes in the region 300-400 nm on ozone content
cannot be entirely correct and is not given in this study.

The vertical profiles of radiation fluxes, supplemented by data on ozone content,
carry information on the processes of scattering of radiation in the thickness of
the atmosphere containing aerosol and in comparison with the results of computa-
tions make it possible to evaluate the reliability and limits of effective use

of the concepts of aerosol attenuation of radiation and reflection from the under-
lying surface serving as the basis of the numerical model in [4].

a) Total radiation. The vertical profiles of total radiation reflect that great
diversity of observation conditions which were encountered in the process of im-
plementing the work. In order in the comparison of these profiles with the comput-
ed values that individual characteristics be taken into account as completely as
possible, a comparison of data was made for the individual levels O, 1,..., 5 km
with the corresponding values 9 and X. Such an operation made it possible to
discriminate four groups of data corresponding to the following regions and obser-
vation times: Central Asia (May-September), European USSR (May-September) and
these same regions during December-March. The ratios of the mean values of the
relative increase in F _ . with a change in altitude by 1 km (Fj4y - F;/F4) to the
Fiy1 - Fi/Fi)theor vaiues computed for mean global aerosol conditions for these
groups are given in Table 1.

The greatest differences between the computed and measured increase in Fiop with
altitude are observed in the warm season of the year in Central Asia; the minimum
values are observed in winter over the European USSR. In general, however, the in-
fluence of aerosol is more important than that which it must be as a global mean.
(Detailed tables of Fyor values at different levels in the lower atmospheve are
given in [4]. The nature of the change in the Fi,¢ parameter with altituce change
for a special case is illustrated in Table 2). Even in winter over the Furopean USSR
aerosol attenuation predominates in the layer 0-2 km over the means for the earth.

During the warm period of the year the changes in Fi,, with altitude to a consider-

able degree and everywhere differ from the computed value for a pure atmosphere

- up to a level 4 km. In Central Asia the nature of the altitudinal dependence of Fi,¢
even on the average corresvonds to a dust-filled atmosphere rather than a pure at-
mosphere. In individually considered situations (relating, as a rule, to the Samar-
kand region) the attenuation of radiation by aerosol is greater than follows from
computations for a highly dust-filled atmosphere (M2), which was regarded as an
extremal case. An example of such a situation is shown in Fig. 2. Above the level
4 km the change in Fyy¢ with altitude virtually coincides with that computed for
the pure atmosphere and these variations are small. This means that local factors
exert no significant influence on the distribution of aerosol in the middle tropo-
sphere.

Thus, on the basis of a mean model of aerosol distribution M1 it is possible to
compute the vertical structure of the fluxes of total radiation in the entire in-
vestigated thickness of the atmosphere during winter, and at other seasons of the

year -- in the region above 3-4 km. Below this level during the summer in order to
determine the vertical structure of UV radiation it is necessary to change the M1
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distribution introduced into the computation program in accordance with Table
1, or, without changing the initial parameters, use the values present in it

as correction coefficients.

- A
¢ M1 142
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/ 'y
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Fig. 2. Vertical change in Fi,t in percent relative to the values at the level z
= 1 km over Samarkand on 24 August 1979. Dashed curve -- computed AF4y/F} pro-
files for pure and dust-filled atmosphere (90 = 4209, X = 0.360 cm, A = 0.11.

0 H 2 3 Fac/FoF

scat/Fdir

Fig. 3. Mean vertical profiles Fgeat/Fdir by intervals of zenith angles 25-35°
(a), 40-50° (b), 55-€£5° (c), obtained from observationms. (Dashed curve -- ver-

tical profiles computed for pure atmosphere and mean X and A values.

b) Direct and scattered radiation. During aircraft descent the direct radiation
decreases and to a greater degree the greater the solar zenith angle and atmo-

spheric turbidity. Since the latter factor varies in a wide range, a change in
xperiences a strong scatter from one situation to the

Fgeat with altitude also e
next. Taking into account that the experimental data are rather limited and that
it makes no

in the turbid atmosphere the errors in determining Fgjir increase,
sense no carry out a comparative analysis for Fdir similar to that which was
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carried out for F,;. From the point of view of comparison with model computa-
tions it is most convenient and indicative to examine the behavior of the Fgcar/
Fqqp ratio with altitude.

Table 1

Mean Values of Ratios (Fi4] - Fi/F%iexpa(Fi+1 - F4/F{) theor m 1 for Total Radiation

'y goee

Region and time of Number of Levels, km

observation sections

0:1 1:2 2:3 3:4 435

Central Asia, May-

September 41 1.5 1.8 1.6 1.2 1.05
European USSR. May-

September 15 1.6 1.6 1.4 1.1 1.0
Central Asia, Decem-

ber-March 21 1.25 1.2 1.2 1.1 1.0
European USSR,

December-March 12 1.1 1.1 1.0 0.95 0.95
. Table 2

Increase in Fy. . (%) With Ascent by 1 km in Pure (M1) and Dust-Filled (M2) Models
of Atmosphere for 90 = 30 and 60° (Results of Computations, X = 0.320 cm, A = 0.1)

6%, degrees Aerosol Levels, km
0:1 1:2 2:3 3:4 4:5
- 30 Ml 7.9 6.4 5.4 5.1 5.2
M2 15.9 13.3 19.8 11.4 5.4
60 M1l 11.2 10.1 9.2 7.6 7.8
M2 19.0 18.0 27.8 20.2 7.7

Figure 3 shows the mean Fgcat/Fair profiles characterizing the peculiarities of
the altitudinal dependence of the ratio under the conditions of a pure atmo-
sphere. For this we selected such sections for which the change in the altitud-
inal dependence of total radiation approximately coincided with the dependence
computed using the M1 model. .

The profiles shown in the figure represent the results of observations of fluxes
of UV radiation in Central Asia and the European USSR averaged by intervals of

solar zenith angles 25-35, 40-50 and 55-65C over a snowless surface. Using the mean
90 values from these intervals and other parameters it was possible to construct
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theoretical altitudinal dependences Fgcat/Fgjr- Both curves on each graph have
virtually identical shapes -- Fscat/Fdir decrease monotonically with Increasing
distance from the earth's surface. The absence of appreciable stratification in
the layer from O to 5 km is attributable primarily to the character of the choice
of experimental data and their subsequent averaging in time and place.

.Jaf /F,'v,, F

scat/Fqiy ' lﬁ?

Fig. 4. Angular dependence of Fgo,1/Fqir at sea level for different aerosol condi-
tions according to Shettle and Green model (see [9]) with allowance for photometer
transmission function (1 pean COTrresponds to mean aerosol attenuation) and on the
basis of the model considered in this study (dashed curve). Separately plotted are
the Fgeat/Fgqqr values measured on 21 August 1979 at Samarkand (1) and the mean val-
ue of the ratio for three 90 intervals (2) (see Fig. 3).

At the same time the figure clearly reproduces the discrepancies between experi-
mental and theoretical values Fgear/Fyi,+ These discrepancies have a regular char-
acteristic: the measured values are always less than those obtained by computa-
tions (the only exception is the layer 3-5 km with small 690). The discrepancies
increase with a decrease in altitude and an increase in 630. In order to explain
this effect 1t is necessary to return to the measurement method. As already men-
tioned, in Fyy, observations the photometer registers the radiation arriving from
an angle greatly exceeding the angular dimensions of the sun, that 1s, the in-
strument registers Fyi, +Fayr (Fayr is the contribution from the aureole). Sub-
tracting the flux of direct radiation from the flux of total radiation, for the
scattered radiation we obtain a value not less than the computed value. The
brighter the aureole, the greater the discrepancy must be between the experimen-
tal and theoretical FCUmP/Fdir values. Qualitatively this is confirmed well by
the curves in Fig. 3.

We will estimate the contribution of the aureole quantitatively at the level of
the earth's surface from measurements. For &, = 30° Fgear = Faur/F 4r T Faur =
1.35, Fgeat/Fdir = 1.5. Hence it 1s easy to find that Fayr will be gZ% of

102
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400070034-3



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400070034-3

FOR OFFICIAL USE ONLY

the flux of direct radlation and 4.2% of the scattered radiation. For = 45°
8.6 and 3.8% respectively, for 90 = 60° -- 14 and 3.1% respectively. Sgﬁilar-
ly 1t is possible to estimate the contribution of the aureole fcr other levels
in the atmosphere.

The cited figures coincide well with those values of the errors in determining
Fscat and Fyy, which were obtained when carrying out calibration measurements.
Accordingly, within the framework of instrumental and methodological errors it
can be assumed that the model describes well the real Fscat/Fdir profiles for

the atmosphere with aerosol characteristics close to the mean global values. In

a turbid atmosphere it is considerably more difficult to discriminate definite
patterns which could be compared with the results of numerical modeling. How-
ever, desplte the great fluctuations in the experimental data, in general they

do not exceed the limits which are the results of computations for a dust-filled
atmosphere M2 (Fig. 4), although to a considerable degree they exceed the cor-
responding values obtained using other models of radiation transfer in an inhomo-
geneous atmosphere (corrections for these were made with allowance for instrument
transmission).

¥ig. 5. Increase in Fyop (in %) at different levels in the atmosphere with trans-
ition from the underlying surface with an albedo of 0.1 to a surface with an albedo
of 0.7. 1) computed dependence for pure atmosphere, 2) measurement data for 26-29
February 1979 with 8, = 45-55°.

In general the limiting cases (pure and highly dust-filled atmosphere) considered
in [4] actually take in the entire range of actually encountered situations. And
the fact that the Fscar/Fgqjr experimental data agree with the computed data

(with allowance for corrections for the aureole influence) additionalily confirms
the correctness of the model description of aerosol attenuation of radiation,

that is, there is experimental confirmation of the conclusion which was drawn from
a comparison of different published models.
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¢) Reflected radiation. As follows from computations, reflection from the under-
lying surface with a great albedo A should be reflected appreciably in the flux-
es of total and scattered radiation in the spectral region 300-340 nm. Observa-
tions confirm this conclusion.

An aircraft was used in measuring the albedo of different types cf underlying sur-
faces and study of the character of its change with aircraft ascent to consider-
able altitudes. An analysis of the dependence of albedo A on altitude indicated
that the influence of the atmospheric layer situated below the aircraft becomes
significant already beginning with an altitude of 100-150 m. On the other hand,
measurements of A from altitudes less than 100 m are also infeasible due to the
difficulties arising in identification of the nature of the underlying surface
and those distortions which the entry of the aircraft shadow into the region of
instrument sighting introduces. Accordingly, the flights were made at an alti-
tude of 100 m. The errors in measuring albedo were from 1 to 3%, depending omn
turbidity of the air surface layer.

The principal results of measurements of the albedo parameter for solar zenith
angles 30-40°, and with the presence of snow -- for angles 45-55°, are given
below (in %):

Water surface (calm or with low waves) 24
Green plantings and rice paddies 2-4
Desert with sparse vegetation . 3-5
Sand 4-7
- Forest (snow on ground) 7-17
B Snow-covered field 60-85
Dense cloud field 65-80

Flight altitude over the clouds was not constant but varied in the range 50-250 m,
but the influence of the scattered radiation in this thin layer was substantially
less than near the earth.

The albedo of the snowless surface adopted in the computations, equal to 0.1, some-
what exceeds the values cited above, but A = 0.7 for snow agrees well with the ac-
tual values.

It was possible to check the contribution of radiation reflected from the earth's
surface to the flux Fpot at different levels only 1in the case of transition

from a surface covered with snow to a snowless or snowy plain to a forested area.
Under real conditions it was impossible to find adequately extensive uniform sharp-
1y delimited surfaces. Therefore, the effect of modification of reflected radiation
on Fgcat and Fyoe 1s blurred and to a greater extent the greater the altitude. This
is attributable to a lesser increase in F,¢ in comparison with the computed values
(Fig. 5) at all altitudes. However, near the earth's surface the jump Fp,¢ with
transition from a snow-covered plain to a forested area in most cases is 23-28%

and is close to the computed value.

Summary
The mean characteristics of the vertical structure of fluxes of UV radiation in
the lower atmosphere cited in this article coincide satisfactorily with the re-

dults obtained using numerical modeling [4]. Such a coincidence leads to the
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conclusion that the proposed model can be used effectively in practical work. How-
ever, in order for the results of the computations to characterize the specific
situation reliably, it is necessary to know the aerosol characteristics, the al-
bedo of the underlying surface and total ozone content. The latter two parameters
can be determined rather simply and with good accuracy [5, 6]. With respect to
aerosol attenuation, it can be evaluated using the same materials from ozonomet-
ric observations [2, 6], which are being carried out in the USSR in a broad net-
work of stations. For most problems it is sufficient to know the mean values of
all these parameters for certain conditions.
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METEOROLOGICAL WORK OF I. N. UL'YANOV (150TH ANNIVERSARY OF HIS BIRTH)

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 81 (manuscript received
29 Apr 81) pp 117-118

[Article by V. V. Rakhmanov, doctor of geographical sciences, USSR Hydrometeorolog-
ical Scientific Research Center]

[Abstract] July 1981 marked the 150th anniversary of the birth of Il'ya Nikolaye-
vich Ul'yanov, remembered by the Soviet people as the father and first teacher
of V. I. Lenin, founder of the Communist Party in the Soviet Union. However,
meteorologists also recall that for more than eight years (from 1855 through 1863),
while an instructor of mathematics and physics at the Penza Nobiliary Institute,
he carried out regular meteorological observations. I1'ya Nikolayevich arrived in
Penza in June 1855 and continued his meteorological tasks until his transfer to
Nizhniy Novgorod in 1863. The scientific community at Penza regarded these observ-
- ations as being highly important. The observational data which he collected were
sent to the observatory at Kazan' University and to the Agricultural Society of
Southeast Russia. His work was not confined to observations alone; during this
period he wrote a paper on thunderstorms and lightning rods. It provides evidence
that he was very familiar with investigations in the field of atmospheric  physics
both in his land and abroad. After departure from Penza I. N. Ul'yanov became an
educational administrator who accomplished much beneficial work in Simbirskaya
Province. Soviet meteorologists, however, will remember him for his early, pioueer-
ing, effective meteorological observations.
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REVIEW OF COLLECTION OF ARTICLES ON ATMOSPHERIC PHYSICS AND CLIMATE
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 81 pp 119-120

[Review by I. L. Karol', doctor of physical and mathematical sciences, and V. A.
Frol'kis, of collection of articles "Fizika Atmosfery i Problema Klimata" [Atmo-
spheric Physics and the Climate Problem], edited by G. S. Golitsyn, corresponding
member USSR Academy of Sciences, and A. M. Yaglom, Nauka, Moscow, 1980]

[Text] The breadth and diversity of the problems now brought together in the theory
of climate make it possible (and as will be demonstrated below -- useful) to make
4dvailable collections of articles such as the one reviewed here. It includes

nine large (more extensive than those appearing in journals) articles on extreme-
ly different branches of atmospheric physics which have been studied at the Insti-
tute of Atmospheric Physics USSR Academy of Sciences.

Three articles in the collection are devoted to "abstract" problems of a theoretical
and sometimes an experimental character inm laboratory models, investigations of sim-
plified models of so-called hydrodynamic systems (#DS) (articles by F. V. Dolzhan-
skiy and L. A. Pleshanova and A. M. Obukhov, et al.) and a stochastic model (ar-
ticle by M. I. Fortus). The objective of such investigations is the important, and
for practical purposes almost fundamental problem of prediction of changes in the
climatic system and its unambiguous realization with one and the same ambient con-
ditions. The HDS introduced by A. M. Obukhov and in some foreign investigations
make it possible by relatively simple mathematical and graphic laboratory procedures
to obtain and analyze the "changeover" phenomenon -- occurrences of different cur-
rent regimes (in particular, in ellipsoidal regions) in an ideal fluid under iden-
tical ambient conditions.

These articles develop HDS investigations at the Institute of Atmospheric Physics
and examine a model of convective currents (with few parameters) in a rotating flu-
- uid described by equations similar to the equations of motion of a heavy gyroscope
with additional terms linear with respect to velocity and temperature (article by
- Dolzhanskiy and Pleshanova) and the phenomenon of a changeover between quasista-
tionary regimes in HDS with the inclusion in the equation of the model of random
noise, which has an analogy in processes of general circulation of the atmosphere.

In an article by M. I. Fortus, for some class of random processes with sharp and
frequency-spaced spectral peaks with an increasing intensity for the lesser fre-
quencies (such are the spectra of many climatic elements), the author has
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determined the most precisely predictable characteristics (functionals) of random
parameters and the corresponding mean square forecasting errors.

An article by A. S. Ginzburg and Ye. N. Feygel'son is devoted to the implementa-
tion of radiation computations. They formulated the fundamental principles which
must be taken into account in formulating the radiation blocks of models of cli-
mate and general circulation. As a result of detailed analysis of radiation trans-
fer processes, the authors give quire simple expressions making it possible to com-
pute the fluxes in the ultraviolet, visible, solar infrared and thermal ranges, tak-
ing into account the scattering and absorption by water vapor, carbon dioxide, ozone
and aerosol in the case of a rough vertical resolution and minimum information on
the optical parameters of the atmosphere. Estimates are given for the integral al-
bedo of the system and the integral transmission of the atmosphere in the solar and
thermal ranges. An effective scheme is proposed for computing the fluxes of thermal
radiation for a "piecewise-isothermic' cloudy atmosphere containing aerosol. Fur-
ther means are given for simplifying the parameterizations used, these being dif-
ferent for weather forecasting models and models of climate and making it possible
to include these parameterizations in models of different complexity.

A zonal climatic model of the atmosphere and surface layer of the ocean is present-
ed in an article by V. K. Petukhov. He proposed simple and original parameteriza-
tions for the dependences of the longitudinally averaged meridional macroturbulent
transfers of the moment of momentum, heat and moisture, as well as the vertical
gradient of temperature and humidity on the field of mean zonal temperature of

the atmosphere and also for heat transfer in the ocean.

The article gives two variants of the model. In the first the employed parameter-
izations are based on the use of empirical data and coefficients. In the second
the parameterizations were obtained from simplified equations of dynamics and
thermodynamics of the atmosphere and the introduction of the characteristic scales
of macroturbulent transfer, which makes it possible to dispense with the use of em-
pirical coefficients tied in to modern climate. In the article use is made of the
first of these variants and it is shown that in principle there is a possibility
of the development of an autooscillatory regime when using parameters close to
those of modern climate.

M. B. Galin, in an article entitled "Investigation of General Circulation of the
Atmosphere on the Basis a 12-Component Model," gives a two-level quasisolenoidal
model for a hemisphere, making it possible to describe the joint effect of the
barotropic and baroclinic mechanisms, the "inputs" and "outputs" of energy, such
as radiation heating in conformity to Newton's law, and vertical turbulent fric-
tion. A solution is obtained which describes a stationary zonal circulation, which
coincides with the solution obtained earlier in a similar 6~component model. A
study was made of the reaction of the model to different values of the external
excitation parameter. It is demonstrated that with its increase the zonal circul-
ation undergoes transition into a solution of the travelling wave type with a con-
stant amplitude, which also substantially transforms the temperature field, re-
sulting in a decrease in the thermal gradient from the pole to the equator. In
addition to a wave regime with a constant amplitude there are regimes with a per-
iodically changing amplitude, which undergoes transition into more complex regimes
with additional frequencies. With a sufficiently great value of the external
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excitation parameter the system returns to a wave regime with a constant ampli-
tude. An investigation of the interactions of waves with zonal flows and their
evolution indicated that the energy cycle of these interactions is close to the
cycle of energy transformations in the real atmosphere.

An article by V. P. Kukharts, L. R. Tsvang and A. M. Yaglom, entitled "Relation-
ship of Turbulence Characteristics in the Surface and Boundary Layers of the Atmo-
sphere," gives a review of the results of measurement of turbulence characteris-
tics in the surface and atmospheric boundary layers. It is noted that the discrep-
_ancies among the numerous measurement results are attributable not only to the in-
accuracy in methods and instrument errors, but also to the existence of some fac-
tors creating these differences which are not taken into account in similarity
theory. In the surface layer such factors are the vertical variability of the
turbulent flux of heat, the macroscale disturbances (of the ordered longitudinal
eddies type) penetrating from above into the surface layer, and in the atmospheric
boundary layer —- the radiational nonuniformity of the underlying surface. There
- is a discussion of the measurement method and the results of determination of the
universal functions for the gradients of mean wind velocity and temperature, tur-
bulent fluxes, thickness of the atmospheric boundary layer, rates of dissipation
of turbulent energies and the structural characteristics of temperature fluctua-
tions.

The tables in an article by A. S. Aliyev, A. S. Zubkovskiy and L. R. Tsvang give
the results of measurements of the characteristics of turbulence in the near-
water layer of the atmosphere in 107 series of experiments. On their basis it was
possible to determine a number -of universal functions in dependence on the strat-
ification parameter. It is shown that the universal functions for the near-water
layer coincide with the similar dependences for the surface layer within the lim-
its of their scatters known from data in the literature.

An article by G. V. Rozenberg, et al., entitled "Optical Parameters of Atmospheric
Aerosol," generalizes extensive data from his own investigations and the litera-
ture. The analysis and generalization enabled the authors to propose a physical
model of aerosol in different layers of the atmosphere and provide a broad set

of parameters of its optical characteristics in dependence on atmospheric humid-
ity for tropospheric aerosol. Such a model makes it possible to compute the flux-
es of radiation in the atmosphere under the operating conditions for optical sys-
tems. The extensive tables in the article provide valuable material for this.

Despite all the above-mentioned value of the articles in the collection, it is im-
possible not to note that there is some excessive diversity of subject matter. In
the future, probably, it would be better to issue collections of articles of a

lesser volume (and price) on individual significant aspects of the considered
range of important problems.
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SEVENTIETH-FIFTH BIRTHDAY OF IDA ARTUROVNA GOL'TSBERG
- Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 81 p 121
[Article by the climatologists of the Main Geophysical Observatory]

[Abstract] April 1981 marked the 75th birthday and 50th anniversary of the scien-
tific activity of the well-known Soviet climatologist Professor Ida Arturovna
Gol'tsberg. All her activity has been closely associated with the meteorological
support of practical needs, especially in agriculture. Between 1929 and 1942 she
worked at the All-Union Institute of Plant Cultivation and from 1942 through 1979
at the Main Geophysical Observatory. At the latter for many years she headed the
Agroclimatology Section, later transformed into the Microclimate Laboratory. I. A.
Gol'tsberg made a considerable contribution to climatology, taking an active part
in the solution of timely problems in Soviet meteorological science. During the
prewar years she carried out a series of climatological studies, among which

there was a series of investigations devoted to world agroclimatic analogues of
the USSR subtropics. During the Great Fatherland War she worked at Leningrad. Dur-
ing 1954-1955 I. A. Gol'tsberg actively participated in 2a evaluation of the agro-
climatic resources of the virgin and idle lands. In her subsequent studies she
examined problems relating to allowance for microclimatic characteristics in agri-
culture and construction. In 1961 Ida Arturovna published the monograph AGROKLIM-
ATICHESKAYA KHARAKTERISTIKA ZAMOROZKOV V SSSR I METODY BOR'BY S NIMI (Agroclimat-
ic Characteristics of Frosts in the USSR and Methods for Contending With Them),
which still remains the most complete work on this phenomenon. Later, in collabor-
ation with her colleagues, she produced such original works as MIKROKLIMAT SSSR
(USSR Microclimate) and AGROKLIMATICHESKIY ATLAS MIRA (Agroclimatic Atlas of the
World), having great scientific and practical importance. I. A. Gol'tsberg has pub-
1ished more than 130 studies. During recent years, under the editorship of I. A.
Gol'tsberg, the Main Geophysical Observatory has produced a series of climatic maps
of the zone of exploitation of the Baykal-Amur Railroad. I. A. Gol'tsberg has ac-
tively participated in the cooperation among the meteorologists of the socialist
countries, representing the Hydrometeorological Service in work on the theme
"Agroclimatic Resources of the Socialist Countries of Europe."
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GOVERNMENT AWARDS TO SOVIET HYDROMETEOROLOGISTS
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 81 pp 121-124
[Unsigned article]

[Abstract] The following specialists of the State Committee on Hydrometeorology and
Environmental Monitoring have been presented government awards for active particip-
ation in the organization and implementation of Soviet Antarctic expeditions and
contributions to study of Antarctica: Order of Lenin -- Nikolay Nikolayevich Ov-
chinnikov, senior engineer of the laboratory of the AANII (Arctic and Antarctic
Scientific Research Institute); Vladimir Aleksandrovich Shamont'yev, head of the
26th Soviet Antarctic Expedition (SAE) of the AANII; Order of the October Revolu-
tion -- Nartsiss Irinarkhovich Barkov, senior scientific specialist of the AANII;
Arnol'd Bogdanovich Budretskiy, head of Vostok station, 25th SAE; Order of the Red
Banner of Labor -~ I1'dus Khaybullovich Abdrakhmanov, aerological engineer, 26th
SAE; Gennadiy Ivanovich Bardin, head of the Pevek Administration of the Hydromet-
eorological Service; Sergey Grigor'yevich Kovtanyuk, head of the personnel divis-
ion, AANIT; Aleksandr L'vovich Matusov, laboratory supervisor, AANII; Vladimir Nikol-
ayevich Petrov, section head, AANII; Oleg Nikolayevich Struin, section heaa, AANII;
Nikolay Gavrilovich Taranov, senior work leader, 26th SAE; Yuriy Andreyevich Khab-
arov, participant on the 9th SAE, now head of administration at the State Committee
on Hydrometeorology and Environmental Monitoring; Artur Nikolayevich Chilingarov,
former head of Bellinsgauzen station, 17th SAE, now head of administration at the
State Committee on Hydrometeorology and Environmental Monitoring; Vliadimir Yevgen'~
yevich Shirshov, deputy head of the SAE, AANII. In addition, the "Emblem of Honor"

‘ was presented to 35 persons, the Order of Work Valor (Third Degree) -~ to 10 per-
sons, the medal "For Illustrious Work" -- to 26 persons, and the medal "For Dis-
tinction in Work" -- to 35 persons.
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NEW INTERNATIONAL HYDROMETEOROLOGICAL CODE
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 81 pp 125-126
[Article by N. P. Fakhrutdinova]

[Abstract] A new international unified code for the transmission of hydrometeorolog-
ical data from stations of all types (manned and automated, on land and at sea, on
buoys and platforms) is being introduced by a resolution of the WMO dated 1 Janu-
ary 1982. The international designation of the new code is FM 12-VII SYNOP (for
land stations) and FM 13-VII SHIP (for sea stations). It will replace six present-
ly used codes. The new international unified code consists of six sections which
are intended for the transmission of data at different exchange levels: global,
regional and national. The content of these six sections is outlined. The new code
will ensure the possibility of a more detailed transmission of hydrometeorological
data: air temperature and dew point are transmitted with an accuracy to tenths of
a degree; in coding of the state of the land surface provision is made for use of
20 digits (10 for the state of the soil without snow and 10 for the state of the
snow cover) instead of the 10 digits employed in existing codes; instead of using
one digit for the state of the weather between observations, there will be two,
making possible a more complete characterization of weather during this period.

At the present time much work is being done in the USSR for ensuring the intro-
duction (beginning on 1 January 1982) of the new unified code for all land and sea
stations of the State Committee on Hydrometeorology and Envirommental Monitoring.
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NOTES FROM ABROAD
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 81 pp 126-127
[Article by B. I. Silkin]

[Abstract] A group of specialists at the Max Planck Institute of Aeronomy, Lindau,
West Germany, over a three-year period collected atmospheric samples from altitudes
between 10 and 35 km. Samples were also taken during aircraft flights between Zur-
ich and Stockholm. Unexpected results were obtained. It had been assumed earlier
that fuel combustion results in the rapid penetration of its product COy into the
stratosphere. New data refute this. It was found that the conseu'ences of an in-
creased discharge of CO2 into the atmosphere over Northern Europe begin to be re-
flected at an altitude of about 25 km only about five or six years later. It was
possible to construct a map of the vertical distribution of COz over Northern and
Central Europe. Maps of the seasonally varying maxima of COy content in the region
of the upper troposphere, which evidently supplies CO2 to the lower stratosphere
through a slowly operating "filter' (the boundary of the tropopause), were also
constructed.

*k%k

The ship of the arctic explorer William Barents spent the winter of 1596-1597 lock-
ed in the ice near Novaya Zemlya. To the surprise of the crew, the polar night end-
- ed two weeks earlier than anticipated. At the time of sunrise the sun should have
been 5° below the horizon. This phenomenon, later known as the "Novaya Zemlya ef-
fect," was subsequently repeatedly observed. This has been most frequently attribut-
ed to refraction, but it was later found that atmospheric refraction cannot account
for more than one-tenth of the "Novaya Zemlya" effect. Specialists of .the University
of Manitoba have now described the specific meteorological conditions responsible
for this phenomenon. It is necessary that the atmosphere over a great extent be
clearly stratified, that there be layers differing sharply from one another with re-
spect to temperature, humidity and pressure. When there is such a stratification
the atmosphere serves as a sort of light conductor, conveying images of distant fea-
tures (in this case the sun) far above the earth's surface. Eric the Red probably
set forth in his quest for Greenland after hearing reports of distant shores from
others who were misled as to distance due to the "Novaya Zemlya" effect.

*kk
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American specialists have estimated that the total quantity of fresh water on the
earth is 37 million km3. However, 75% is locked in mountain and continental glaciers
and cannot now be used. Ground water accounts for 24% of the water supply and less
than 1% is in rivers, lakes and in the atmosphere. Evaporation from the seas is
about 430,000 km3 annually, and from the land is about 70,000 km3. Precipitation
falling over the land amounts to 110,000 kn3 of water annually. Only about 14,000
km3 is available for human consumption, primarily surface runoff of rivers and
underground runoff. More than a third of the total water is carried in rivers
which traverse inaccessible or sparsely populated areas. With the present level of
consumption the available water will meet the needs of five or six times more
people than now live on the earth. In many parts of the world water is used with-
out proper allowance for hydrogeological conditions. The result is an inadmissible
rise in ground water, with the soils becoming swampy or saline. By the year 2000
fresh water will be in short supply in almost 30 countries.
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OBITUARY OF NIKOLAY SERGEYEVICH SHISHKIN (1912-1981)
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 81 p 128
[Article by a group of comrades]

[Abstract] Professor Nikolay Sergeyevich Shishkin, doctor of physical and mathemat-
jcal sciences, head of the Cloud Physics and Artificial Modification Division of
the Main Geophysical Observatory, an outstanding Soviet scientist in the field of
cloud physics and artificial modification, died prematurely on 17 February 1981.
He defended his doctoral dissertation in 1952. His monograph OBLAKA, OSADKI I
GROZOVOYE ELEKTRICHESTVO (Clouds, Precipitation and Thunderstorm Electricity),
written on the basis of the dissertation, became a reference manual for several
generations of specialists in these fields. The Division of Cloud Physics and Ar-
tificial Modification was organized on his initiative in 1958 and he headed this
division to the end of his life. Under his supervision and with his direct partic-
ipation the division carried out extensive investigations of natural and artific-
ial formation of precipitation and the dynamics of convective clouds. Studies were
made of apparatus and methods for the modification of clouds for the purpose of
forming precipitation. A method was developed for extinguishing forest fires by
artificially induced precipitation which helped to save millions of hectares of
forest. A special method for the short-range forecasting of convective cloud cover
was widely introduced into work for the regulation of precipitation. His work on
investigation of the electrification of cloud elements made a major contribution
to the formulation of a theory of thunderstorm phenomena and the methods for the
regulation of thunderstorms. N. S. Shishkin published more than 150 scientific
studies, including two monographs. He was the editor of more than 30 numbers of
the TRUDY GGO (Transactions of the Main Geophysical Observatory) on cloud physics

- and artificial modification. Shishkin represented Soviet science at many inter-
national conferences and symposia.

COPYRIGHT: 'Meteorologiya i gidrologiya", 1981
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